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(57) Abstract 

The invention concerns a method for preparing a plasmid DNA using a wet cell biomass comprising after resuspension of said biomass 
the following steps:, alkaline lysis, high ionic strength acidification, elimination of solubles, endotoxin and contaminating RNA reduction, 
filtering gel chromatography and conditioning. The invention also concerns a pharmaceutical composition containing a plasmid DNA and 
its use for gene therapy. 
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(57) Abr£gl 



La presente invention conccmc un proc6de" dc pre* paration d'un ADN plasmidique a partir d'une biomasse cellulaire hurnide comprenant 
apres la resuspension dc ladite biomassc, unc 6tapc dc lysc alcaline, unc 6tape d 'acidification a force ioniquc 61ev6e f une 6taped'6limination 
des insoluble*, unc 6tapc de reduction des endotoxincs ct des ARN contaminants, unc etape dc chromatographic de gel de filtration et unc 
6tapc de conditionncment. Ellc a egalement pour objet unc composition pharmaccutiquc comprcnant un ADN plasmidique ainsi prepare* et 
son utilisation a des fins de thlrapie genique. 
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PROCEDE DE PREPARATION D'ADN PLASMIDIQUE 

La presente invention a pour objet un nouveau protocole de purification d'ADN 
plasmidique permettant de produire en grande quantite un ADN d'une qualite 
pharmaceutique acceptable pour une utilisation chez l'homme. Elle concerne egalement une 
composition pharmaceutique comprenant I'ADN ainsi obtenu et son utilisation pour le 
transfert d'un acide nucleique dans une cellule hote. L'invention presente un interet tout 
particulier pour des perspectives de therapie genique. 

Le transfer! de genes dans une cellule donnee est a la base meme de la therapie 
genique. Cette nouvelle technologie dont le champ duplication est vaste, permet 
d'envisager le traitement de maladies graves pour lesquelles les alternatives therapeutiques 
classiques sont peu efficaces voire inexistantes et concerne aussi bien les maladies genetiques 
(hemophilic mucoviscidose, myopathic. ..) qu'acquises (cancer, syndrome 
d'immunodeficience acquise SID A, ...). L'approche la plus pratiquee consiste a utiliser un 
vehicule viral pour introduire I'acide nucleique therapeutique dans la cellule a traiter et, en 
particulier, retroviral et adenoviral. En effet, les virus ont developpe des mecanismes 
sophistiques pour traverser les membranes cellulaires, echapper a la degradation au niveau 
des lysosomes et faire penetrer leur genome dans les noyaux afin d'assurer l'expression du 
gene therapeutique. Cependant, l'approche virale a ses limitations, notamment une capacite 
de clonage restreinte, une production potentielle de particules virales competentes pour la 
replication susceptibles de dissemination dans Torganisme hote et Tenvironnement, un risque 
de mutagenese insertionnelle dans le cas des vecteurs retroviraux et, pour ce qui est des 
vecteurs adenoviraux, une induction de reponses immunitaires et inflammatoires chez I'hote 
qui entravent les repetitions de traitement. Ces inconvenients importants dans le cadre d'un 
usage humain justifient la recherche de systemes alternatifs de transfert d'acides nucleiques. 

De plus en plus de methodes de transfert de genes font appel a des vecteurs non 
vtraux. Une des plus employees consiste a delivrer Tacide nucleique therapeutique au moyen 
de vecteurs synthetiques, tels que les lipides cationiques qui interagissent spontanement avec 
I'acide nucleique pour former des complexes charges positivement capables de fiisionner 
avec les membranes cellulaires anioniques et faire penetrer I'acide nucleique qu'ils 
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transported (voir par exemple Behr, Bioconjugate Chemistry (1994) 5 : 382). Une methode 
dite biolistique ("gene gun") par bombardement des cellules par des microprojectiles 
metalliques recouverts d'ADN a ete recemment employee dans le cadre d'un essai anti-SIDA 
(Woffendin et al., 1996, Proc. Natl. Acad. Sci. USA 93, 2889-2894). Enfin, une approche 
5 encore plus simple peut egalement etre envisagee par administration directe de 1'ADN nu, 
notamment dans le cadre des maladies touchant les muscles par injection intramusculaire. 
Ces methodes non viraies mettent generalement en oeuvre un vecteur plasmidique portant 
le gene therapeutique et les elements necessaires a son expression. 

La realisation d'essais cliniques reposant sur des methodes non viraies necessite de 

1 0 pouvoir produire des quantites importantes d'ADN plasmidique de qualite pharmaceutique. 
Les methodes classiquement utiiisees ne sont pas optimales puisqu'elles utilisent des enzymes 
d'origine animale (lysozyme, proteinase, ribonuclease...), des solvants organiques connus 
pour leur toxicite (phenol, chlorophorme) et des composes mutagenes (bromure d'ethidium) 
susceptibles de contaminer le produit final. De plus, leur mise en oeuvre a I'echelle 

1 5 industrielle est difficilement realisable. 

Les demandes internationales WO95/21250 et WO96/02658 decrivent des procedes 
de preparation d'ADN plasmidique sous forme purifiee utilisables pour des essais humains. 
Cependant, il est connu que diverses variables peuvent influencer Tefficacite de methodes 
preparatives, notamment le plasmide a purifier, sa taille, le microorganisme qui le produit, 

20 les conditions et le milieu de fermentation. Dans ce contexte, il est avantageux de pouvoir 
disposer d'une nouvelle methode pour la production de grandes quantites d'ADN 
plasmidique de qualite pharmaceutique. 

On a maintenant trouve une nouvelle methode de preparation d'ADN plasmidique 
25 comprenant une succession d'etapes simples a mettre en oeuvre, evitant Tusage de produits 
d'origine animale, toxiques et mutagenes tels que ceux cites ci-avant et adaptables a Techelle 
industrielle. L f ADN est produit avec un rendement eleve, sous forme substantiellement pure 
et d'une qualite compatible avec un usage humain. Les contaminations residuelles par les 
proteines, endotoxines, ARN et ADN genomique du microorganisme producteur sont 
30 particulierement faibles voire non detectables par les techniques standards de detection. Les 
exemples qui suivent montrent egalement que ce procede permet la purification de maniere 
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efficace d'un plasmide de grande taille incorporant I'ADNc de la dystrophine destine au 
traitement de la myopathic de Duchenne. 

Cest pourquoi la presente invention a pour objet un precede pour preparer un ADN 
plasmidique a panir d'une biomasse cellulaire humide recoltee apres fermentation d'une 
cellule productrice comprenant ledit ADN plasmidique, caracterise en ce qu'il comprend les 
etapes suivantes : 

a) lyse alcaline de la biomasse resuspendue, apres resuspension de la biomasse 
cellulaire humide 

b) acidification a force ionique elevee, 

c) elimination des insolubles, 

d) reduction des endotoxines et des acides ribonucleiques (ARN), 

e) chromatographie de gel filtration, et 
0 conditionnement. 



Au sens de la presente invention "ADN plasmidique" designe un element cellulaire 
extrachromosomique forme d'une molecule d'ADN generalement circulaire capable de 
replication autonome dans une cellule productrice (la cellule dans laquelle ii est amplifie). 
Le choix des plasmides utilisables dans le procede de la presente invention est vaste. Us 
peuvent etre d'une origine quelconque (procaryote, eucaryote) ou etre formes par 
1'assemblage d'elements varies. D'une maniere generate, les plasmides sont connus de 
l'homme de Tart. Un grand nombre d'entre eux sont disponibles commercialement mais, ii 
est egalement possible de les construire par les techniques de manipulation genetique 
(Maniatis et al., 1989, Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY). II peut s'agir d'un vecteur de clonage ou d'expression derive par 
exemple de pBR322 (Gibco BRL), pUC (Gibco BRL), pBluescript (Stratagene), pREP4, 
pCEP4 (Invitrogene) ou encore p Poly (Lathe et al., 1987, Gene 57, 193-201). 

Avantageusement, un plasmide mis en oeuvre dans le cadre de la presente invention 
possede les elements genetiques qui lui permettent de se repliquer de maniere autonome 
dans la cellule productrice et, de maniere optionnelle, dans une cellule hote (cellule dans 
laquelle I'efFet therapeutique est recherche). De tels elements peuvent etre constitues entre 
autre par une origine de replication assurant I'initiation de la replication dans une bacterie, 
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une levure, un champignon ou une cellule mammifere. Elle peut etre isolee d'un procaryote 
(ColEl ...), d'un eucaryote (2u ou ARS pour sequence a replication autonome), d'un virus 
(SV40 ori du virus simien 40, oriP du virus Epstein Barr EBV...) ou d'un bacteriophage 
(fieri..). Le choix de 1'origine de replication appropriee est a la portee de I'homme de Van. 
Par exemple, pour un plasmide destine a etre produit dans le microorganisme Escherichia 
co!i (£. coii), on retiendra 1'origine ColEl. De plus, si 1'on desire qu'il soit autoreplicatif dans 
une cellule hote mammifere, il comprendra egalement une origine fonctionnelle che 2 un 
eucaryote par exemple oriP et pourra inclure le gene codant pour la proteine EBNA-1 du 
virus EBV necessaire a la replication a partir de cette derniere (Lupton et Levine, 1985, 
Mol. Cell. Biol. 5, 2533-2542 ; Yates et al.. Nature 31 j, 8 1 2-8 1 5). 

Par ailleurs, un plasmide en usage dans la presente invention peut en outre 
comprendre un gene de selection permettant de selectionner ou identifier les cellules 
transferees (cellules productrices et/ou cellules hotes). On peut appliquer les methodes de 
selection reposant sur le principe de cellules productrices derlcientes (par mutations 
auxotrophes ou introduction d'un gene lethal) incapables de pousser en I'absence d'un 
plasmide portant un gene complementant cette deficience (par exemple systeme dap decrit 
dans la demande EP 0 258 118, complementation d'une mutation d'auxotrophie, usage de 
genes codant pour un tARN suppresses sup E, supF. .). Une autre pratique couramment 
employee consiste a integrer dans le plasmide un gene codant pour la resistance a un 
antibiotique (ampicilline, kanamycine, tetracycline....). Bien entendu, il peut comprendre des 
elements supplemental ameliorant son maintien et/ou sa stabilite dans une cellule hote ou 
productrice. A cet egard, on peut citer la sequence cer dont la presence favorise le maintien 
monomerique d'un plasmide (Summers et Sherrat, 1984, Cell 36, 1097-1 103) et certaines 
sequences d'origines virales (LTR de retrovirus, ITR d'un virus associe a I'adenovirus ...) ou 
cellulaires permettant I'integration dans les chromosomes de la cellule hote. 

Conformement aux buts poursuivis par la presente invention, un plasmide en usage 
dans la presente invention est destine a transporter un ou plusieurs gene(s) d'interet 
therapeutique dans une cellule hote. D'une maniere generale, le gene d'interet peut coder 
pour un ARN antisens, un ARN messager qui sera ensuite traduit en polypeptide d'interet, 
un ribozyme ou encore un ARN conferant un benefice therapeutique direct (ARN VA d'un 
adenovirus capable de reprimer la reponse immunitaire, ARN activant la synthese 
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d'interferon) (Abbas et al. in Cellular and Molecular Immunology ; W.B., Saunders 
Company Harcourt Brace Jovanovich, Inc. p. 228). 

Le gene d'interet peut etre isole par toute technique conventionnelle telle que 
clonage, PCR (Polymerase Chain Reaction) ou encore synthetise chimiquement. II peut etre 
de type genomique (muni d'un ou plusieurs introns) ou ADN complementaire (ADNc). Le 
polypeptide d'interet peut etre constitue par une proteine mature, un precurseur et, 
notamment un precurseur destine a etre secrete et comprenant un peptide signal, une 
proteine tronquee, une proteine chimere provenant de la fusion de sequences d'origines 
diverses ou encore une proteine mutee presentant des proprietes biologiques ameliorees 
et/ou modifiees. 

A titre d'exemples, on peut avoir recours a un gene d'interet selectionne parmi ceux 
codant pour les polypeptides suivants : 

cytokines ou lymphokines (interferons a, 0 et y, interleukines et notamment l'IL-2, 
l'IL-6, riL-10 ou l'IL-12, facteurs necrosant des tumeurs (TNF), facteurs 
stimulateurs de colonies (GM-CSF, C-CSF, M-CSF...) ; 
recepteurs cellulaires ou nucleaires, notamment ceux reconnus par des organismes 
pathogenes (virus, bacteries, ou parasites) et, de preference, par le virus VIH (Virus 
de l'Immunodeficience Humain) ou leurs ligands ; 

proteines impliquees dans une maladie genetique (facteur VII, facteur VIII, facteur 
IX, dystrophine ou minidystrophine, insuline, proteine CFTR (Cystic Fibrosis 
Transmembrane Conductance Regulator), hormones de croissance (hGH) ; 
enzymes (urease, renine, thrombine....) ; 

inhibiteurs d'enzymes (al-antitrypsine, antithrombine III, inhibiteurs de proteases 
virales...) ; 

polypeptides a effet anti-tumoral capables d'inhiber au moins partiellement I'initiation 
ou la progression de tumeurs ou cancers (ARN anti-sens, anticorps, inhibiteurs 
agissant au niveau de la division cellulaire ou des signaux de transduction, produits 
depression des genes suppresseurs de tumeurs, par exemple p53 ou Rb, proteines 
stimulant le systeme immunitaire....) ; 

proteines du complexe majeur d'histocompatibilite des classes I ou II ou proteines 
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regulatrices agissam sur I'expression des genes correspondants ; 
- polypeptides capables d'inhiber une infection virale. bacterienne ou parasitaire ou son 
developpement (polypeptides antigeniques ayant des proprietes immunogenes, 
epitopes antigeniques, anticorps, variants trans-dominants susceptibles d'inhiber 
Paction d'une proteine native par competition...) ; 

toxines ( thymidine kinase de virus simplex de I'herpes I (TK-HSV-1), ricine, toxine 

cholerique, diphterique ) ou immunotoxines ; et 

marqueurs (p-galactosidase, luciferase....). 

Bien entendu, le gene d'interet peut etre place sous le controle des elements 
necessaires a son expression dans la cellule note. Par "elements necessaires a son 
expression", on designe 1'ensemble des elements permettant sa transcription en ARN et la 
traduction d'un ARNm en polypeptide. Parmi ceux-ci le promoteur revet une importance 
part.cuhere. II peut deriver d'un gene quelconque (eucaryote, viral, promoteur naturel du 
gene d'interet en question . ) ou peut etre artificiel. Par ailieurs, il peut etre constitutif ou 
regulable. AJternativement, il peut etre modifie de maniere a ameliorer I'activite promotrice 
supprimer une region inhibitrice de la transcription, modifier son mode de regulation' 

mtroduire un site de restriction On peut mentions, a titre d'exemples, les promoteurs 

vraux CMV(Cytomegaiovirus), RSV (Rous Sarcoma Virus), du gene TK du virus HSV- 1 

precoce du virus SV40, adenoviral MLP ou encore les promoteurs eucaryotes des genes 

PGK (Phospho Glycerate kinase) murin ou humain, al-antitrypsine (foie-specifique), 
immunoglobulines (lymphocyte-specifique). 

De tels elements peuvent egalement comprendre des elements additionnels tels que 
introns, sequence signal, sequence de localisation nucleaire, sequence terminatrice de la 
transcription (polyA), site d'initiation de la traduction de type IRES ou autre, etc. 

Un plasmide en usage dans la presente invention est amplifie dans une cellule 
productrice avant d'etre purifie selon le procede de la presente invention. On prefere tout 
particulierement les bacteries gram negatif et, notamment, E. coli. A titre indicatif, on peut 
citer les souches DH5 (Grant et al., 1990, Proc. Natl. Acad. Sci. USA 87, 4645-4649) 
MC1061 (Wertman et al., 1986, Gene 49, 253-262) et ses derivees comme DH10B (Gram 
et al., 1990. supra). Etant donne qu'il s'agit d'une technologie largement connue a ce jour 




il ne sera precede qu'a une description breve de la maniere d'operer pour introduire un 
plasmide dans une bacterie et ['amplifier. Toutes les techniques conventionnelles peuvent 
etre employees dans le cadre de la presente invention (traitement par les chlorures de 
calcium, de rubidium, d'hexamine cobalt, par des agents reducteurs, par le DMSO, 
electroporation, transduction, liposomes, ... ; Maniatis et al., 1989, supra). Les cellules 
productrices ainsi transformees sont ensuite cultivees selon les pratiques generales de Tart 
(fermentation en continue "batch" ou alimentee "fed batch"). Les conditions de culture 
peuvent etre facilement etablies par Phomme du metier sur la base des connaissances 
generales dans ce domaine et du systeme de selection porte par le plasmide. Leur recolte est 
effectuee selon les techniques habituelles, comme la filtration ou encore la centrifijgation a 
faible vitesse, pour generer la biomasse cellulaire humide laquelle peut, a ce stade, etre 
congelee ou stockee a 4°C avant d'etre soumise au procede selon l'invention. 

Selon le procede de Tinvention, on effectue la lyse de la biomasse cellulaire humide 
apres avoir procede a sa resuspension. On emploie generalement un tampon de resuspension 
legerement basique pour neutraliser le caractere acide de la pate cellulaire et de force 
ionique faible ne presentant pas ou peu d'effets lytiques sur les cellules transformees. Sa 
composition et son pH peuvent varier en particulier en fonction de la cellule productrice, du 
milieu de culture employe ou tout autre parametre. L'homme de Tart est en mesure 
d'elaborer un tampon de resuspension approprie. On peut citer a titre d'exemple un tampon 
contenant de l'EDTA (concentration de 1 a 50 mM, de preference 10 mM) et du Tris-HCl 
(concentration de 10 a 100 mM, de preference 50 mM) tamponne a un pH d'environ 8. Les 
cellules peuvent etre resuspendues par tout moyen technique habituel tel que agitation 
rectilineaire, pipetage repete et/ou homogeneisateur (vortex, homogeneisateur par 
cisaillement...). 

L'etape de lyse alcaline permet de liberer le contenu cellulaire et en solubiliser tous 
les composants. Proteines, ARN et ADN sont denatures y compris I'ADN plasmidique dont 
les deux brins homologues restent enchevetres, a la difference de I'ADN genomique. II peut 
etre avantageux d'efFectuer la lyse alcaline en presence d'un detergent et, de preference, d'un 
tensioactif anionique. Le choix de la base et du tensioactif n'est pas limite. A cet egard, la 
combinaison soude et SDS (sodium dodecylsulfate) est preferee, notamment a des 
concentrations finales aux environs de 0,1 M et 0,5 % respectivement. Le pH final de la 
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solution de lyse est, de preference, compris entre 11 et 13 et, de maniere optimale, entre 
12,2 et 12,4. On indique qu'il est preferable de melanger les cellules transformers 
resuspendues et la solution de lyse d'une maniere douce, par exemple par inversion, afin de 
minimiser les cassures de l'ADN cellulaire genomique qui serait alors susceptible de 
contaminer la preparation d'ADN plasmidique. Bien qu'il ne s'agisse pas d'un mode prefere, 
il est neanmoins possible dans le cadre de la presente invention de faciliter la lyse cellulaire 
par chauffage a temperature elevee (voir par exemple la demande internationale 
WO96/02658) ou 1'emploi d'enzymes animales degradant les membranes cellulaires 
(lysozyme...). 

La seconde etape du precede selon I'invention resulte en une acidification a haute 
force ionique du lysat obtenu precedemment. L'acidification se fait de preference d'une 
maniere brutale, e'est a dire en une seule fois. Dans ces conditions, I'ADN plasmidique est 
renature rapidement alors que la grande majorite des proteines, de l'ADN genomique 
denature et des especes d'ARN insolubles en condition de force ionique elevee floculent. 
Dans le cadre de la presente invention, on met en oeuvre une solution comprenant un 
tampon ou un acide fort combine a un sel dont le pH est compris entre 4,5 et 6,5. Selon un 
mode de realisation avantageux, on utilise une solution d'acetate de potassium de preference, 
a une concentration finale proche de I M, de maniere a obtenir un pH final d'environ 5, 1 . 
Mais, on aurait egalement pu avoir recours a une solution d'acetate de sodium de pH et de 
concentration tels qu'indiques ci-dessus. 

On precede ensuite a I'elimination des insolubles constitues par les debris cellulaires 
et les floculats de macromolecules. Ceci peut etre realise par toute technique 
conventionnelle de filtration ou centrifugation. II peut etre judicieux d'eliminer la majorite 
des insolubles d'abord par centrifugation puis de poursuivre la clarification par filtration. De 
nombreux filtres peuvent etre utilises dans le cadre de la presente invention a ia condition 
qu'ils retiennent les insolubles et laissent passer l'ADN plasmidique. Avantageusement, le 
filtre choisi aura une porosite comprise entre 1 et 100 urn, plus avantageusement 2 et 75 
um, de preference 5 et 75 urn, de maniere tout a fait avantageuse, 3 et 50 nm.et, de maniere 
tout a fait preferee, 10 et 50 um. II peut etre en matiere synthetique comme le nylon, 
organique comme la cellulose ou non organique comme le verre. Selon un mode de 




realisation avantageux, on procede a des filtrations successives a I'aide de fiitres de porosites 
decroissantes, par exemple une premiere filtration sur verre fritte d'une porosite comprise 
entre 100 et 40 |im (fritte N° 2, Schott AG), la seconde sur fritte de porosite 16 a 40 jim 
(fritte N° 3, Schott AG) et la derniere sur fritte de porosite 10 a 16 j.im (fritte N° 4, Schott 
5 AG). 

Selon une autre variante, il est possible de proceder a une seule filtration en utilisant 
une cartouche en polypropylene Sartopure PP de porosite 8 pm (Ref 552 1302 P9-00-A) 
ou Sartopure PP2 de porosite 3 ^m (Ref 559 1302 P9-00-A). 

Selon un mode de realisation optionnel mais particulierement avantageux, le filtrat 
10 peut etre concentre avant I'etape suivante de reduction des endotoxines. Les moyens de 
concentrer un ADN dissous dans une solution aqueuse sont connus de Thomme de l'art. On 
peut citer Tultrafiltration, la precipitation alcoolique ou encore une combinaison de ces deux 
techniques. 

En ce qui concerne I'ultrafiltration, diverses membranes peuvent etre employees du 

15 moment qu'elles n'adsorbent pas ou peu I'ADN plasmidique dans les conditions d'utilisation. 
On aura avant ageusement recours a des membranes dont le seuil de coupure est compris 
entre 20 et 300 kDa, de preference entre 30 et 100 kDa. Elles peuvent etre de compositions 
variees, organiques ou non (poly(ether)sulfone, acetate de cellulose, ...). Les membranes 
particulierement adaptees sont celles de type YM (et notamment, YM30-76, Diaflo et 

20 YM30-4208, Centricon), celies equipant les unites Easy Flow (reference 14669-OS-l V ou 
14669-OS-2V, Sartorius) ou encore minipellicon 2 PL300 (Millipore en cellulose 
regeneree). ^ultrafiltration constitue a cette etape un moyen puissant de reduire la 
contamination de la preparation d'ADN plasmidique par des pigments d'origine cellulaire ou 
provenant du milieu de culture. 

25 II est egalement possible de concentrer les acides nucleiques par precipitation 

alcoolique en presence d^thanol ou d'isopropanol. Les parametres de precipitation tels que 
volume d'alcool a ajouter, temperature, presence de cations monovalents ainsi que la 
recuperation du materiel precipite sont detailles dans de nombreux ouvrages accessibles a 
Phomme du metier. En particulier, la precipitation par l'isopropanol presente I'avantage de 

30 reduire encore la teneur en pigments, certains d'entre eux etant solubles dans la phase 
alcoolique. 
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Scion u„ mode prefere, le filtrat eat en premier | ieu concentr , „„ ^ 
membrane polysulfone ayan. „„ seuil de coupure d'environ ,00 KDa a .'aide d'une unite de 
type Easy F,ow (Sattorius) a usage unique on sur memb ra „e rninipellicon 2 puoo 

M„„pore, present n„ seui, de coupure dWon 300 kDa Une foia ,e vo,ume redui, 
d un facteur 5 4 20 , les acidK „ ^ ^ ^ ^ 

^opropano.. U materiel precise ea, recupere par centrifiagauon e. pen, erre soumJs a nn 
on p,u s ,eurs lavages dans Petbano, a nne concen.ra.ion d= 70 a 80 % afin de reduire les 
contaminate solubles dans .tool .e,s q „e ,es sels e, comme deja mentionne, ,es p, 8m e„.s 
rea,due,s. Apr* sechage, les acides nucleiques son. repris dans un tampon approprie par 
exemple dn Tris-HC, C0Mcnara de I'EDTA a nne concen.ra.ion .environ , 

mM poor inhiber les nucleases e, de maniere optionnelle de I'acetate de sodmm (a nne 
concentration finale d Won 0,3 M permed. ,a preci P i,a t ion des acides nudges apraa 
le.ape detraction au Tri.cn). 1, es. inters, de no.er ici one les etapes d'ultrafiltrauon 
« de precpitation a Pisopropano, som pani cuUeren 1 en, avantageuses poor ebnuner ,a 
majonte des pigments de la preparation. 

d'ARN A IT 13 Pr ' Para,i0 " d,ADN P ' aSmidiqUe C ° MieW ^ qUa " ,itfa ™~ 

d ARNs endotoxines e, lea etapes suivan.es conais.en, en nne reduction de leurs .aux 
Par reducon, on emend nne diminution no.able du ,aux d'endo.oxines ou d'ARN e„,re le 
debn. e. ,a fin de ,'etape, d'un faceur d'au moms .00 e,, de preference, d'au moins ,000 La 
concen.ra.ion en ARN e. endotoxin pen. e.re appreciee par des easais semblables a ceux 
deems caprts ou par ,ou. au.re memodologie divulgnee dana la Ihterature. Bien one les 
e.apea pu,ssen, etre permn.ee, on prefere en premier lien agir aur lea endo.oxines puis sur 
les ARNs. 

Lea endo.oxines du fai, de tar caractere pyrogene. doiven. etre considerable* 
redunes voire eliminees avan. d Wager une adminis.ra.ion chez ,'homme. En ce qui 
concern, les produits phannacouriquea couran.s, la quantite maximale tolerable a etc fixee 
par lea au.ori.ea saniuires a 5 unites (EU) par doae. 0, il a etc montre que les proccdea 
couranta de preparation tfADN plaamidique (ultracenu^gaUon aur gradiem de chlontre de 
ceatum, chromatograpbie ecbangeuse d'anions, laissen. subsiater de grandes quamites 
d'endotoxines (Cotten et al., 1994, Gene Therapy /, 239-246). 




Aux fins de la presente invention, on preferera avoir recours a une extraction en 
presence d'un detergent non ionique ayant tin point nuage compris entre 15°C et 35°C, 
avantageusement 18°C et 30°C et, de preference, 20°C et 25°C. Un detergent prefere est 
choisi parmi les polyoxyethylenes. Des exemples de detergents utilisables selon la presente 
invention sont decrits dans le tableau suivant : 



Detergent 


Point 
nuage 

(°C) 


Densite 
(20°C) 


Formule 


Fourn. 


Brij58 


45°C 




C I6 H 33 (OCH 2 CH 2 ) 2 oOH 


ICI 

Americas 


Triton™X-114 


22°C 


1,054 


(CH 3 ) 3 C-CH 2 -C(CHj) 2 -C 6 H4- 
(OCH 2 CH 2 ) 7 . 8 OH 


Sigma 


Tergitol™ 
TMN6 


37°C 


1.009 


C I2 H 25 (OCH 2 CH 2 ) s OH 


Sigma 


Tergitol™ NP7 


41°C 


1,048 


C 9 H i 9 -C6H4-(OCH 2 CH 2 )7. 8 OH 


Sigma 


Tergitol™ 
Min-Foam IX 


40°C 


0,995 


Cn.,jH 23 . 31 -0(CH 2 CH 2 0) x 

[CH 2 CH 2 0/CH 2 CH(CH 3 )0] y 

CH 2 CH(CH 3 )OH 


Sigma 


Tergitol™ 
Min-Foam 2X 


20°C 


0,978 


C„.,5H 23 . 3) -0(CH 2 CH 2 0) X 

[CH 2 CH 2 0/CH 2 CH(CH 3 )0] y 

CH 2 CH(CH.0OH 


Sigma 
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Lea composes deems precede™ m des Mmpos6s 

* tar pent nuage. Avantageusement, s=,o„ ,e precede de Invention, la prepay 
d « rcfrcdie a one tempore mf6rieure a ]0 . c _ 

concen^on fmale en detergent a utiliser peuI ftre ^ ^ £ 

^l«»*d.^« ittp ^„ -l4l-i ; Dans 
ces colons .edit d^, es, S o,uh,e dans r. „ forme des micelles ^ 
endotoxmea Apres i„cuha, io „ e, centrifcgation du melange ADN pUsmidique , dtogen , 

7 rr"" " P0 ' K " UaSe <Par >"° C - * ~ du 

mon • X-, ,4), i, y a Ration de deux phases : une phase accuse contenan, I'ADN 
P asmtdtque e, une phase cooteoan, k iiKrgm a |es 

c^s, poasede one densite soperieore a c.„e de ,a solution d'ADN, apr* s^uoo d ea 
l»se par cen^on, ,a phase a q oeose ea, .ocalisee dans ,a parte soperieore do , ube 
^ P*-— le ddtergen, a te dans „ ^ ^ ^ ^ 

'orsque le detergem possede une densite inferieure a celle de la soloUon d'ADN Poor des 
rations techniques evidentes, on choisira de preference un detergem ayant one densite 

cocoes necessa.es ,ol pe™e„a„, d'ajuster, si ndcessaire, ,a densite de ,a solution 
ADN, e „ mod , fian , paf exemp|e h ^ ^ Mk ^ ^ 

sebn .nvendon peu, coroprendre one ou plusieurs (de preference 3 ) extractions successive, 
telles que decrites ci-dessos. 

Selon la presente invemion, un detergent pre rere eat constitue par le Triton™ X-l .4 
(octoxyoo, ou oc, y ,phenox y -poWe,hy,e„eg. y coe,her^ avec n-7 oo 8, don, ,e p oint nuage 
eat envtron 20°C et la densite environ 1,06. 

La presente invention concerne egalemen, une variante du procede de IWention 
selon laquelle ,e detergent n0 „ ionique choisi prtseme u „ poin( ^ _ ^ ^ 

gamme preconisde, e, selon laqoelle ladite temperature nuage est aJos.ee par .'addition 

"* **** d ' U " *"■«—*• (Anionic Surfactants,,, 
and Detersrve Systems,, in Kirk-Othmer Encyclopaedia of Chem.stry, John WILEY 4 Son, 




Selon une variante interessante du procede selon ('invention, la reduction des 
endotoxines est suivie d'une etape de precipitation alcoolique de PADN plasmidique par 
incubation au froid (4°C, -20°C ou -80°C) en presence de 0,3 M d'acetate de sodium et 
environ 70 % d'ethanol. Le precipitat d'acide nucleique est recupere classiquement par 
centrifugation. II peut etre lave par une solution d'ethanol a 80 % dans 1'eau avant d'etre 
seche et redissous en milieu aqueux comme par exemple du Tris-HCl 1 0 mM pH 8, EDTA 
1 mM. Cette etape de precipitation, par ailleurs optionnelle, offire un moyen efficace 
d'eliminer les traces de Triton™ X-l 14residuel. 

La reduction de la contamination par les ARN peut etre realisee par tout moyen 
connu de Tart, par exemple l'hydrolyse enzymatique au moyen d'une ribonuclease d'origine 
animale telle que la ribonuclease A pancreatique bovine. Mais, dans le cadre de la presente 
invention, on prefere avoir recours a une precipitation selective des ARN dans des 
conditions de haute force ionique ou en presence d'agents deshydratants. Divers sels peuvent 
etre utilises et on mentionnera a titre indicatif, le chlorure de lithium (Ze'ev Lev, 1987, 
Analytical Biochemistry 160, 332-336), le chlorure de calcium, Tacetate d'ammonium et le 
sulfate d'ammonium. A ce titre, le sulfate d'ammonium constitue un mode de realisation 
prefere, particulierement a une concentration finale comprise entre 1 et 3,5 M, de 
preference, entre 1,5 et 3 M et, de maniere tout a fait preferee, entre 2 et 2,5 M. Selon une 
autre variante de ('invention, on peut utiliser du chlorure de calcium a une concentration 
finale comprise entre 10 mM et 2 M, avantageusement entre 20 mM et 0,5 M, et de maniere 
preferee entre 50 mM et 0,1 M. D'une maniere optimale, apres I'ajout du sel ou de la 
solution saline, le melange est laisse sous agitation faible, eventuellement a temperature 
basse, pendant une duree variable (1 a 120 min), centrifuge et I'ADN plasmidique recupere 
dans le surnageant. 

Le procede selon I'invention comprend a ce stade une etape de chromatographic 
d'exclusion sur supports de gel filtration, qui permet de parfaire la purification de la 
preparation d'ADN plasmidique (reduction des ARNs et proteines residuels) et egalement 
d'assurer le dessaiage. Le choix du support est large et a la portee de I'homme de l'art. On 
retiendra plus particulierement, les supports agrees pour un usage humain ou veterinaire par 
les autorites competentes americaines (FDA pour Food and Drug Administration) et/ou les 
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agences de I'Union Europeenne et presentant une limitc d'exclusion elevee et, notamment, 
superieure ou egaie a 20x 1 0< Da (telle que mesuree sur des polymeres comme les dextrans). 
On peut citer par exemple les supports Sephacryl S500 HR (Pharmacia, reference 1 7-0613- 
01), S1000 SF (Pharmacia, reference 17-0476-01) et GF2000 (Biosepra, reference 260651). 
Le support Sephacryl S500 est prefere dans le cadre de ['invention. 

La colonne est initialement equilibree dans des conditions salines limitant les 
interactions hydrophobes entre le support et l'ADN. Avantageusement, on utilise le tampon 
TEN (Tris-HCl 10 mM pH 8, EDTA 1 mM, et NaCI 100 mM). Les conditions de 
chromatographie peuvent etre adaptees en fonction de differents parametres et notamment 
du volume de la colonne, du support choisi, de la concentration de la preparation en ADN 
plasmidique et de la taille de ce dernier. L'ADN plasmidique est exclu de la phase et est elue 
avant les contaminants de poids moleculaire inferieur. Les fractions le contenant peuvent 
etre analysees par les techniques usuelles (absorbance a 254 nm, analyse visuelle apres 
separation par electrophorese en gel d'agarose ...). II est egalement possible de connecter 
la colonne a un detecteur muni d'un filtre (a 254 nm par exemple) pour la detection en ligne 
des fractions positives. On notera qu'un avantage du procede selon Invention consiste en 
I'elimination au cours de cette etape, du sel residuel issu de I'etape precedents 
Selon un mode de realisation optionnel, les fractions obtenues apres I'etape 
chromatographique peuvent etre rassemblees et concentrees selon la methodologie indiquee 
ci-avant (ultrafiltration et/ou precipitation alcoolique). 

Enfin, le procede selon l'invention comprend une etape de conditionnement de la 
preparation d'ADN plasmidique. Les tampons de conditionnement utilisables dans le cadre 
de la presente invention sont varies. 11 peut s'agir d'une solution saline physiologique (NaCI 
0,9 %), d'une solution Hepes-Ringer, de Lactate-Ringer, de TE (Tris-HCl 10 mM pH7,5 a 
8, EDTA 1 mM) ou simplement d'H 2 0. De maniere optionnelle, la preparation peut etre 
soumise a une filtration sterilisante. On aura avantageusement recours a des filtres de 0,22 
Um d'une surface adaptee au volume a traiter. On peut citer, par exemple, les unites de 
filtration de type Minisart (Sartorius, reference SM16534), Sartolab P20 (Sartorius 
reference 18053D), Millex GF (Millipore, reference SLGS025BS), Millex GV (Millipore 
reference SLGV025BS), Millex GP (Millipore, reference SLGPR25LS), Anotop 25 




(Whatman, reference 20025H-68092122), Anotop 25 Plus (Whatman, reference 2002 AP- 
68094122), Sartobran 300 (reference 5231307H5p00V) ou Easy Flow 0,2 nm en acetate 
de cellulose (reference 12307-05- 1-V). Puis, le filtrat est conditionne en doses ajustees a une 
concentration donnee. 

La concentration en ADN plasmidique peut etre determinee de maniere 
conventionnelle, par exemple par spectrophotometrie a une longueur d'onde de 260 nm. La 
proportion relative des differents topoisomeres peut etre evaluee visuellement par 
electrophorese sur gel d'agarose et coloration au bromure d'ethidium eventuellement suivies 
d'une analyse densitometrique. L'integrite du plasmide peut etre verifiee par digestion par 
des enzymes de restriction ayant un ou plusieurs sites de coupure. 

La qualite de I'ADN plasmidique prepare par le precede selon Tinvention peut etre 
appreciee par des essais standards tels que ceux qui sont decrits dans les exemples qui 
suivent. La contamination en ARN peut etre evaluee visuellement par electrophorese en gel 
d'agarose et coloration au bromure d'ethidium ou par spectrophotometrie apres reaction a 
l'orcinol chlorhydrique (reactif de Bial) (Moule, 1953, Arch. Science Physiol. 7, 161 ; 
Mejbaum, 1939, Hope Seyler Z. 258, 1 17). Un ADN plasmidique purifie selon le procede 
de Tinvention presente de preference une contamination residuelle en ARN inferieure a 5 % 
(masse/masse), avantageusement inferieure a 3 %, de preference inferieure a 2 % et, de 
maniere tout a fait preferee, inferieure a 1 %. 

La contamination residuelle par les proteines peut etre mesuree par toute technique 
de dosage des proteines ne montrant pas ou peu ^interferences dues a l'ADN . Une 
technique adequate est celle de la technique du BCA (acide bicinchoninique) basee sur la 
detection spectrophotometrique a une longueur d'onde de 562 nm du complexe colore forme 
entre le BCA et les ions Cu+ issus de la reduction en milieu alcalin d'ions cuivreux Cu++ par 
les proteines (Smith et al M 1985, Anal. Biochem. 150, 76-85). Un ADN plasmidique purifie 
selon le procede de Tinvention presente de preference une contamination residuelle en 
proteines inferieure a 3 % (masse/masse), avantageusement inferieure a 2 %, de preference 
inferieure a 1 % et, de maniere tout a fait preferee, inferieure a 0,5 %. 

Les techniques de dosage des endotoxines sont connues de Thomme du metier. On 
peut par exemple proceder par un essai colorimetrique derive de la methode du LAL 
(Limulus Amebocyte Lysate) recommandee par les pharmacopees de TUnion Europeenne 
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et des Etats Unis, tel qu'il est mis en oeuvre dans les kits commercial (Bio-Whittaker, 
QCL-1000, reference L50-647-U ; Biogenic, COATEST, reference 82 2387). De 
preference, la quantite d'entoxines de la preparation d'ADN plasmidique est inferieure a 50 
EU, avantageusement inferieure a 20 EU, de preference inferieure a 10 EU et, de maniere 
tout a fait preferee, inferieure a 5 EU par mg de plasmide. 

L'ADN chromosomique contaminant peut etre dose par la technique de PCR 
quantitative competitive basee sur ramplification de sequences specifiques du 
microorganisme producteur, par Southern ou encore par "Slot-blot" a I'aide d'une sonde 
specifique. Un ADN plasmidique purifie selon le precede de Invention presente de 
preference une contamination residuelle en ADN chromosomique inferieure a 5 % 
(masse/masse), avantageusement inferieure a 3 %, de preference inferieure a 2 % et, de 
maniere tout a fait preferee, inferieure a 1 %. 

Un procede selon invention est particulierement avantageux pour ce qui est de la 
preparation d'ADN plasmidique de taille superieure a 10 kb. 

La presente invention a egalement pour objet une composition pharmaceutique comprenant 
un ADN plasmidique purifie par le procede selon ('invention a titre d'agent therapeutique ou 
prophylactique. Une composition pharmaceutique selon invention peut etre utiiisee dans 
divers types de cellules holes. II s'agit de preference d'une cellule de mammifere et, en 
particulier d'une cellule humaine. Ladite cellule peut etre une cellule primaire ou tumorale 
d'une origine hematopoietique (cellule souche totipotente, leucocyte, lymphocyte, monocyte, 
macrophage, ...), hepatique, epitheliale, ftbroblaste et, tout particulierement, une cellule 
musculaire (myoblaste, myocyte, cellule satellite, cardiomyocyte, ...), une cellule tracheale 
ou pulmonaire. Par ailleurs, une composition selon Invention peut comprendre un element 
de ciblage vers une cellule particuliere, par exemple un ligand a un recepteur cellulaire ou 
encore un anticorps. De tels elements de ciblage sont connus. 

Une composition selon 1'invention peut etre administree par voie systemique ou par 
aerosol, en particulier par voie intragastrique, sous-cutanee, intracardiaque, intramusculaire, 
intraveineuse, intraperitoneale, intratumorale intrapulmonaire, intranasal ou intratracheale. 
L'administration peut avoir lieu en dose unique ou repetee une ou plusieurs fois apres un 
certain delai d'intervalle. La voie d'administration et le dosage appropries varient en fonction 
de divers parametres, par exemple, de I'individu ou de la maladie a traiter ou encore du ou 
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des gene(s) d'interet a transferer. En particulier, une composition pharmaceutique selon 
Tinvention peut etre formulee sous forme de doses comprenant entre 0,05 et 100 mg d'ADN 
plasmidique purifie seion le procede seion Tinvention, avantageusement 0, 1 et 10 mg et, de 
preference, 0,5 et 5 mg. La formulation peut egalement inclure d'autres composes tels qu'un 
adjuvant ou un excipient acceptable d'un point de vue pharmaceutique. 

Dans ce contexte, il peut etre particulierement avantageux d'associer 1'ADN 
plasmidique a un compose ameliorant sa diffusion, notamment un polymere ou un lipide 
cationique. A titre d'exemples, on mentionnera le 5-carboxyspermylglycine dioctadecylamide 
(DOGS), le 30 ((>J-(N\N , -dimethylaminoethane>carbamoyl] cholesterol (DC-Choi), le (2,3- 
droleylocyl-N-[2(sperminecarboxamido) ethyl] N, N~dimethyl- 1 -propanaminium 
trifluoroacetate) (DOSPA), la spermine cholesterol et la spermidine cholesterol (decrits dans 
la demande frangaise 96 01347). 

Par ailleurs, une telle composition peut en outre comprendre un adjuvant capable d'ameliorer 
son pouvoir transfectant. II s'agira de preference d'un lipide neutre tel que les phosphatidyl 
ethanolamine, phosphatidyl choline, phosphatidyl serine, phosphatidyl glycerol et, en 
particulier, la dioleyl phosphatidyl ethanolamine (DOPE). II est egalement possible de 
combiner au complexe.ADN plasmidique/lipide d'autres substances pour ameliorer encore 
Tefficacite transfectionnelle ou la stabilite des complexes. 

Une composition seion Tinvention est en particulier, destinee au traitement preventif 
ou curatif de maladies telles que maladies genetiques (hemophilic, mucoviscidoses diabete 
ou myopathies de Duchenne et de Becker, ...), cancers, maladies virales (hepatites, SID A, 
...), et maladies recurrentes (infections provoquees par le virus de Therpes, le virus du 
papilloma humain, ...)• 

Enfin, la presente invention est relative a Tutilisation therapeutique ou prophylactique 
d'une composition pharmaceutique selon Tinvention pour la preparation d'un medicament 
destine au traitement du corps humain ou animal et, preferentiellement, par therapie genique. 
Selon une premiere possibility le medicament peut etre administre directement in vivo (par 
exemple par injection intraveineuse, intramusculaire, dans une tumeur accessible, dans les 
poumons par aerosol, ...). On peut egalement adopter Tapproche ex vivo qui consiste a 
prelever des cellules du patient (cellules souches de la moelle osseuse, lymphocytes du sang 
peripherique, cellules musculaires, ...), de les transferer in vitro selon les techniques de Tart 
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et de les readminister au patient. 

LWention s'etend egalement a une methode de traitement mettant en oeuvre un 
ADN plasmidique obtenu par un precede selon invention, selon laquelle on adrninistre une 
quantite therapeutiquement efficace de ce dernier a un pa,i ent aya nt besoin d'un tel 



traitement. 



suivantes 



La presente invention est plus complement decrite en reference aux figures 



La Figure 1 illustre un chromatogramme apres gel filtration sur Sephacryl S500 
(colonne de 70 ml de diametre 16 mm et longueur 350 mm) et chargement d'un echantillon 
de 2 ml contenant 5 mg de pCHl ION obtenu apres lyse alcaline, ultrafiltration et traitement 
au sulfate d'ammonium. L'elution est effectuee a 0,5 ml/min (15 cm/h) dans un tampon Tris- 
HC. 10 mM, EDTA 1 mM, Nad 100 mM, pH 8,0. La dentiste optique est enregistree a 



254 nm. 



La Figure 2 est une representation schematique du vecteur pTGl 1025 comportant 
ie gene conferant la resistance a la kanamycine (kana), I'origine de replication de ColEl le 
promoteur CMV (pCMv) du cytomegalovirus. I'intron du gene codant pour I'Hydroxy- 
Methylglutaryl-Coenzyme A Reductase (HMG), I'ADNc codant pour la dystrophine et une 
sequence de polyadenylation des ARNs transcrits (pA). 

La Figure 3 illustre un chromatogramme apres gel filtration sur Sephacryl S500 
(colonne de 5 litres de diametre 8,9 cm et de longueur 82 cm) et chargement de 125 ml 
d'echantillon contenant 85 mg de pTGl 1025. L'elution est effectuee a environ 15 ml/min 
(14,5 cm/h) dans un tampon Tris-HCl 10 mM, EDTA 1 mM, NaCl 100 mM, pH 8,0. 

La Figure 4 illustre I'elimination progressive des endotoxines d'un lysat alcalin par 
3 extractions successives avec 1 % ou 3 % de Triton™ X -l Hsuivies d'une precipitation a 



Pethanol. 



La Figure 5 illustre la precipitation selective des ARNs contaminants d'un lysat 
alcalin en presence de molarites croissantes de sulfate d'ammonium (0 a 3,2 M final). 

La Figure 6 illustre la precipitation selective des ARNs contaminants d'un lysat 
alcalin en presence de molarites croissantes de chlorure de calcium (10 a 100 mM). La 
molarite finale en CaCl 2 est indiquee sous les lignes concernees. S = depot d'une fraction 



de Techantillon de materiel soluble obtenu apres traitement par le CaCI 2 ; I. = depot d'une 
fraction de Pechantillon de materiel insoluble obtenu apres traitement par le CaCl 2 ; oc = 
ADN plasmidique de forme circulate (open circle) ; sc = ADN plasmidique de forme 
surenroulee (super coiled) ; a = ARNs. 

Les exemples qui suivent n'illustrent qu'un mode de realisation de la presente 
invention. 

EXEMPLES 

Les solutions definies ci-apres ont ete preparees a panir de solutions meres ou 
produits chimiques obtenus commercialement. 

EXEMPLE I : Purification du plasmide pCHl ION a partir de la souche E coli 

MCI 061 transformee . 

/. Preparation et amplification des cellules recombinantes 

On a recours a la souche E coli MCI 061 (Wertman et al., 1986, supra) et au 
plasmide pCHl ION. II s'agit d'un plasmide de 8,5 kb dont le maintien dans E coli est assure 
par une origine de replication (ColEl) et un gene de resistance a I'ampicilline, tous deux 
issus de pBR322. Le gene d'interet est constitue par le gene reporter P-galactosidase d'E 
coli dont Texpression peut etre facilement detectee par coloration au X-Gal (4-chloro-5- 
bromo-3-indolyl-P-D-galactopyranoside). II est muni dans sa partie 3 f d'une sequence codant 
pour un signal de localisation nucleaire eucaryote. La localisation nucleaire de la 0- 
galactosidase recombinante permet de s'afFranchir des problemes de bruits de fond engendres 
par la reaction croisee avec la 0-galactosidase endogene de la cellule hote egalement 
detectable par le Xgal, et done d'assurer une detection specifique de l'activite enzymatique 
resultant du plasmide transfectee. Lexpression du gene reporter est dirigee par le promoteur 
precoce de SV40. 
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Les cellule, MC106I son, rendues competes par traitenten. au chlontre de 

*" " ,ranSf0 ™ ieS Par fc Ptemide P CH "°" Les bacteries recombinant son, 
seleconnees .„ miheu M ,ectif On choisi, on Cone par examen des prof,,s d= resrricdon a 
partir duquel on conslitoe un stock gycerol primaire. 

Aprea inoculation d'une precuhure en hole, celle-ci es, «, pour u „ 
ennenteu, U fermentation a ete conduite en continu (batch) daas 1 8 litres dun milieu LB 
- fcts concentre (LB2x) sans ajou, de substra, carbonn, a 37T e, en presence dampicilline 
(.00 Mg/ml). La culture est recueillie apres 2 heures en phase atationnaire. Dans ces 
con toons « pour one densite optique finale DO,„ de 7,5, on obtien, ISO g de biomasse 



totale. 

2. Recolle de la biomasse cellulmre humide 



Le contenu du fermenteur es. repar,i daoa des pots de centritugation propres e, 
a.er.,es (Nalgene, ref 3.2MOO0. 3,22.10,0, 3,20-1000 on 3120-10,0) at les celMes 
•ransformees recuperees par cemritugation a faible vitesae (5000 rpm (tours par min) 
pendant 30 min, a, a *c On pen, employer une centrifcgeuse So™,, RC3 munie d'un 
rotor H6000-A ayam une capacite de 6* , htre et proceder a trois cemrifugadons successives 
dans les ntemes pots afin de recolter ,a totahte de ,a cuhure Apres elitmnation du milieu le 
potds des culots ceUulaires est estime par peaee e, ceux-ci peuven, etre congeles a -20°C 
avam d'etre rraites par ,e procede detaJlle ci-dessous. Les cel,u,es atnsi recoltees constimen, 
la biomasse cellulaire humide. 



3. Preparation du lysat acidifie 



Le culo, congele es, fragment* e, on preleve a .'aide d'une spatule la quamite de 
btomasse que ton desire ,rai,er. Par ,a sui.e. les vohames des solutions utifcees son, donnees 
pour 27 g de biomasse humide. Les cehules soot reprises dans 320 ml de tampon de 
resuspension (,0 mM EDTA, SO mM Tris-HCI, p H 8, pr ea,ab,emen, equilibre a AX e, 
remtses en suspension a ,'aide d'un homogeneisa.eur par cisatllement (Uhra Turrax-25 muni 




d'une sonde de diametre 18 mm) avant d'etre iysees en presence de 320 ml de tampon de 
lyse (1 % SDS, 0,2 M NaOH) equilibre a 20°C. On laisse la lyse se poursuivre 5 min a 
temperature ambiante en agitant doucement la preparation par inversion puis on ajoute 320 
ml de solution acide (CH 3 COOK 3 M pH 5,5) equilibree a 4°C. Le lysat ceilulaire acidifie 
est laisse 20 min a 0°C en procedant regulierement a des agitations douces par inversion. Le 
pH final est de 5, 1 . 

4. Elimination des insoluble* et concentration du filtrat 

Le floculat est tout d'abord elimine grossierement par centrifijgation a faible vitesse 
(5000 rpm pendant 30 min a 4°C dans un rotor GSA, Sprvall). Le surnageant est soumis a 
deux filtrations successives sur frittes de porosite controlee (16 a 40 urn puis 10 a 16 |im; 
frittes N° 3 et 4 ; Schott AG) a 1'aide d'une fiole a vide connectee a une trompe a eau ou une 
source de vide equivalents 

Le filtrat est soumis a une etape de concentration par ultrafiltration sur cartouche 
Easy Flow (Sartorius) munie d'une membrane de polysulfone d'un seuil de coupure de 100 
kDa (Sartorius, 0,1 m 2 reference 14669-OS-l-V ou 0,2 m 2 reference 14669-OS-2-V selon 
le volume a traiter). La cartouche est reliee a une pompe peristatique et le debit de 
recirculation applique est d'environ 400 ml/min. L'ultrafilt ration est efFectuee jusqu'a ce que 
le volume final soit reduit d'un facteur 8 a 16. On travaiile a temperature ambiante afin de 
reduire la duree de I'operation. 

Les acides nucleiques contenus dans le filtrat sont precipites par ajout de 0,7 volume 
d'isopropanol maintenu a 20°C Le melange est homogeneise par retournements successifs, 
incube 5 min a temperature ambiante et le precipite collecte par centrifiigation a 10 000 rpm 
pendant 30 min a 4°C (rotor GSA, Sorvall). Apres elimination du surnageant, le culot 
d'acides nucleiques est lave 2 fois de suite par 50 ml d'une solution d'ethanol a 80 % dans 
I'eau (equilibree a environ -20°C) et a nouveau recupere par centrifijgation a 10 000 rpm 
pendant 1 5 min a 4°C. 
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Extraction des enciotoxines 



U culo, es, seche e, dissous dans 18 ml d'une solution d'ace,a,e de sodium 
(CH.COONa 0,3 M dans du Tris-HCI ,0 mM, EDTA I mM) e, consetve una ,re„. ai „e de 
mtnutes a 0°C. On ajoute 2 ml d'une solufion de Triton™ X-, 14(Sigma ; reference X., 14™) 
a 10 % (poids/volume) dans C Hj COONa 0.3 M a pH 5,5 (concentration finale en Triton 
1%) e, le melange es, homogeneise par agitation manuelle. Apres incubation ,0 min sur 
glace puis 25 nun a 52"C, la phase inferieure obtenue apres cenrrimgaion (roror SLA 1 500 
Sorvall) a .0 000 rpm pendant 10 min a 35'C es, prelevee e, eliminee. On precede a deux 
ex.racons supplemental dans ies memes conditions en presence de 2,2 ml et 2 4 ml de 
Tnton ~X- 1 14 respectivement. U phase superieure es, precipi.ee par ajout de 2,5 volumes 
d'ethanol absolu a -20T. Apres incubation au moins 45 min a -20»C, le precipha, es, 
recupere par centnfuga.ion a !0 000 rpm (rotor SLA ,500, Sorvall, pendam 30 min e, a 
4"C e, soum,s a 1 ou 2 lavages success par une solunon d'ethanol a 80 % dans I'eau 
conservee a -20X. Le culo, de centrifcgafion peu, etre congele avan, de proceder a la 
prochaine etape. 



Elimination des ARNs 



Le culot de centrifugation es, seche sous vide e, repris dans 9,4 ml de Tris-HCI 10 
mM, EDTA 1 mM, pH 8 a .emperature ambiame. On ajou.e du sulfate dammonium 
(NH4, 3 SO, solide de maniere a avoir une concentration finale d'environ 2 M. Apres melange 
par mversion e, incubation 20 min sur glace, on centrifuge 30 min a 7 000 rpm (ro.or SLA 
1500, Son,all) e, a 4«C. Une deuxieme cemifirgauon dans des condidons idemiques es, 
effecuee sur le surnagean, recpere de la premiere af,n de parfaire fclimination des 
msolubles. 

Chromatographie sur Sephacryl S500 

Le surnageant de centrifugation est soigneusement preleve et soumis a une 
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chromatographie de gel filtration sur matrice Sephacryl S500 (Pharmacia ; reference 17- 
0613-01). Dans les conditions precitees, on utilise une colonne ayant une capacite de 1 litre 
(longueur 622 mm, diametre 44 mm) developpee a 3,8 ml/min (I5cm/h) mais, bien entendu 
rhomme du metier est capable d'adapter la capacite de la colonne en fonction du volume a 
5 traiter. 

La colonne est equilibree dans 2 volumes de TEN avant d'appliquer un volume 
d'echantillon decides nucleiques representant 4 a 5 % du volume de celle-ci. La collecte et 
la detection des fractions sont automatisees (collecteur de fractions LKB 2212 et detecteur 
LKB 2158 Uvicord SD muni d'un filtre a 254 nm). Les fractions de 3 min sont prelevees et 
1 0 congelees avant d'etre analysees. La Figure 1 illustre un chromatogramme obtenu a plus 
petite echelle mais representatif du procede. L'ADN plasmidique sort dans le volume 
d'exclusion alors que ARN et proteines sont retenus et n'apparaissent que plus tardivement. 
On notera la nette separation, avec un retour pratiquement a la ligne de base, obtenue entre 
le pic d'ADN plasmidique elue en premier et le pic d'ARNs elue en second. 

15 

Condi tionne me nt 

Les fractions contenant PADN plasmidique sont regroupees et concentrees environ 
8 x a I'aide d'une unite ^ultrafiltration de type Sartocon-Micro a membrane de polysulfone 

20 ayant un seuil de coupure de 100 kDa (Sartorius, reference 15669-00-1/ Alternativement, 
et lorsque une plus grande quantite d'echantillon doit etre traitee, on peut employer une 
unite d'ultrafiltration EasyFlow a membrane d'acetate de cellulose (20 kDa de seuil de 
coupure, Sartorius, reference 14549-0S-1V). 

Apres concentration, l'echantillon d'ADN plasmidique purifie est precipite par ajout 

25 d'une solution d'acetate de Na (3 M, pH 5,5) jusqu'a la concentration finale de 0,3 M et 
addition de 2,5 volumes d'ethanol pur (99,95 %) a -20°C. Apres incubation a -20°C (30 
min), TADN plasmidique est recupere par centrifugation a 1 0 000 rpm pendant 30 min a 4°C 
(rotor SLA 1500, Sorvall). Le culot est lave par I'ethanol a 80 % a environ -20°C, puis seche 
et repris dans le tampon de conditionnement adequat (TE, 0,9 % NaCl, Hepes Ringer, 

30 Lactate Ringer, H 2 0 ; environ 20 ml par aliquote de 27 g de cellules traitees). 
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Apres mesure de la densi.e optique a 260 am. la co n cen,ra,ion « ADN «, calculee 
en prenan. pour base une DO m correspond™, . 50 pg/ml. Elle p=u, alors etre ajus.ee a 
l.Omg/tnl par dilution avec le tampon de conditionnemem. et on ob.ien, typiquemen, 
env,ron 20 mg d'ADN plaamidique par aliquo.e de 27 g de biomasse initiate 
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Emm£2 P urjfieation du pl^mjde p T Ol 1025 a na„ir A. ^ g ,., fl 

PHI OB t ransformer 

La souche £. Co// DH.0B Elec,ro Max est fournie par Gibeo BRL (Reference 
18290-0,5). Le plasmide P TG1 1025 (Figure 2) de 18,7 Kb porre „„ gene marqueur q „i 
confere aux bacteries la capacite de resistance a la kanamycine (gene codan. pour une 
am.noglycos.de V phosphotransferase transform, .anUbiotique en derive inactif) « 
I'ongme de replication ColE.. ces deux elements assuran, ,e maintien du plasmide dans la 
souche producrice. II comporte en outre une cassette d'expression de I'ADNc codan, pour 
la dystrophme sous le con.rdle du promoieur CMV associe a I'in.ron HMG 

Le, cellules DH.0B competes son, transform** par le plasmide dans lea 
cond„,ons preconisees par le founus^r e, on cousin* un stock glycerol pnmare conserve 
a -80T apres selection d'un clone recombinant. Un lot de sentence prima,* es, utilise pour 
constttuer une preculture en fiole sur milieu LB2x en presence de kanamycine SOpg/ml La 
culture es, incubee a 30*C dans un agftateur thermostat (180 rpm) pendan, 14 a ,6 heunts 
Apres transfer, de la preculture en fiole d'ensemencement, la souche transformee est 
propagee dans un fermenteur de 20 litres. La croissance es, effenuee a 30°C dans un milieu 
de culture contplexe (Hycase SF 37,5g/l. Yeas. Exttac, 9g* supplement, en facteurs de 
crotssance e, sels mineraux) u.ilisan, le glycerol a titre de subs,ra, carbone (20 g/l) e, en 
presence de kanamycine (50 pg/ml) pour la pression de seleaion. Le P H - 7 0 es. reguie par 
addtoon au.oma.ique de sonde (NaOH, 30%) e, d'acide sulfurique (H lS 0<, 2 M). Loxygene 
dtssous es, maintenu a une saturation superieure ou egale a 25 % (taux ^ imion de , v v m 
(10 I mn"> e. une vitesse d'agi.ation variable. II peu, etre avamageux d'ajouter de la 
kanamycine en cours de culture. 




La culture est stoppee par refroidissement a 4°C lorsque les bacteries atteignent la 
phase stationnaire de croissance. La culture est soutiree et la biomasse recoltee par 
centrifijgation (centrifugeuse Sorvali RC3B, 15 min, 4°C, 5000 rpm). Le culot de cellules 
est conserve a -20°C jusqu'a la mise en application du procede de purification du plasmide 
pTG11025. 

Celui-ci est similaire au procede decrit a l'exemple 1, a I'exception des modifications 
suivantes : 

La purification est effectuee a partir de 360 g de biomasse humide reprise dans 
3840 ml de tampon de resuspension et lysee par un volume equivalent de 
tampon de lyse puis de solution acide. 
- Les insolubles sont elimines par filtration sur Fritte N° 4 ( 1 6- 1 0 ^m, Schott AG) 
avant concentration 1 5 fois sur Easy Flow, 

Le filtrat est separe en 6 aliquotes. La precipitation a l'isopropanol, les lavages 
a 1'ethanol 80 %, les etapes d'extractions des endotoxines par le Triton™ X-l 14, 
la precipitation a 1'ethanol et les lavages a 1'ethanol 80 % subsequents sont 
realises sur chacune des aliquotes comme decrit a l'exemple 1 . 
Les echantillons sont regroupes pour la precipitation au sulfate d'ammonium a 
une molarite finale de 2 M. 

Le sumageant de centrifijgation recolte apres Tetape de precipitation au sulfate 
d'ammonium est charge sur une colonne de gel filtration de Sephacryl S500 d'un 
volume de 5 litres (longueur 82 cm, diametre 8,9 cm) developpee a un debit de 
15 ml/min (14,5 cm/h). Le chromatogramme obtenu (Figure 3) montre que 
l'ADN plasmidique est elue dans le volume d'exclusion, alors que les ARNs 
contaminants et autres composes de petits poids moleculaires sont retenus sur 
la colonne. 

Les fractions contenant l'ADN plasmidique purifie sont regroupees et 
concentrees par ultrafiltration (facteur 10,9). L'ADN plasmidique est alors 
precipite par ajout d'acetate de sodium a une concentration finale de 0,3 M et 
de 2,5 volumes d'ethanol 99,95 % a -20°C. 
- Le precipite est collecte par centrifijgation (10 000 rpm a 4°C, rotor SLA 1 500 
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Sorvall, 30 min) et lave par 200 ml d'ethanol a 80 %. 
- Apres sechage sous vide, I'ADN est repris dans le tampon de conditionnement 
TE (Tris-HC! 10 mM, EDTA 1 mM, pH 7,5), sa concentration mesuree par 
spectrometrie UV et ajustee a 1 mg/ml dans le meme tampon. On obtient 
typiquement 145 mg d'ADN plasmidique purine. 

L'integrite du plasmide est evaluee par cartographie par enzymes de restriction et les 
profils obtenus correspondent a ce qui est attendu. Par ailleurs, la presence de contaminants 
est egaiement determinee dans la preparation finale et les resultats presentes ci-dessous. 



Contaminant 


Methode 


Resultat 


Proteines 


BCA 


0,49 % (n=3) 


RNA 


Reaction colorimetrique de Bial 


2,48 % (n=3) 


Endotoxine 


Methode colorimetrique LAL 


2,34 UE/mg (n=5) 



Par ailleurs, la fonctionnalite du plasmide P TG11025 purifie est verif.ee par 
transfection de lignees cellulaires et mise en evidence de la dystrophine recombinante par 
immunofluorescence. 

Dix ng d'ADN plasmidique purines sont combines a 40 M g de Lipofectine (un 
melange de composes facilitant la transfection de cellules eucaryotes) suivant les instructions 
du fournisseur (Life Technologies, Bethesda, USA, reference 18292-0011), puis sont 
ajoutes, dans 2 ml de milieu DMEM (Life Technologies, Bethesda, USA, reference 1 1963), 
a 2,5 x IO 6 cellules A549 (adenocarcinome pulmonaire humain) ensemencees la veille dans 
une boite de diametre 35 mm, cultivees 24 heures en presence de mil.eu DMEM 
supplements par 10% (vol/vol) de serum de veau foetal (Life Technologies, Bethesda. 
USA, reference 10101-061) et prealablement rincees par un tampon physiologique (PBS 
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lx). Quatre heures apres ajout de I'ADN, le milieu est complement par 10 % (vol/vol) de 
serum de veau foetal, puis la culture est poursuivie 48 heures. Les cellules sont ensuite 
fixees par traitement a -20°C dans un melange methanol/acetone (1/1) (vol/vol), sechees a 
1'air, et incubees en presence d'abord d'un anticorps monoclonal de souris antidystrophine 
(Novocastra, Newcastle/Tyme, UK, reference NCL-DYS2) puis d'un anticorps de Iapin anti- 
souris (ICN, Costa Mesa, USA, reference 651713) couple au FITC (fluoresceine thio- 
isocyanate) ; les conditions detaillees de ces operations sont connues de I'homme de l'art. La 
dystrophine produite lors de 1'expression du gene code par le vecteur pTGl 1025 est detectee 
par examen en microscopie de fluorescence des complexes immuns. L'examen simultane de 
cellules transferees en presence d'un plasmide pTGl 1025 controle de fonctionnalite deja 
demontree purifie selon un protocole standard (Maniatis et al., 1989, supra) (temoin positiO 
ou en absence d'ADN (temoin negatif) permet d'evaluer le caractere fonctionnel de la 
preparation d'ADN plasmidique pTGl 1025. Le taux de cellules fluorescentes exprimant la 
dystrophine recombinante est comparable apres transfection par le pTGl 1025 controle et 
par le plasmide purifie par le precede selon I'invention. Bien entendu, les cellules non 
transferees ne montrent aucune fluorescence. 

EXEMPLE 3 : Elimination des endotoxines par le Triton ™ X-ll_4 

Des essais detractions au Triton ™ X-l 14 ont ete menes sur un lysat alcalin tel 
qu'obtenu a 1'exemple 1 afin de determiner les concentrations optimales de Triton™ X-l 14 
a mettre en oeuvre et le nombre d'extractions a realiser pour reduire le taux d'endotoxines 
en dessous du seuil tolere (< 2 UE / dose). 

Pour ce faire, )e lysat alcalin initial est reparti en 2 lots soumis a 3 extractions 
consecutives en presence de Triton™ X-l 14 a une concentration finale de 1 et 3 % 
respectivement. Le melange est homogeneise, incube sur glace (0°C) quelques minutes, 
centrifuge 5 minutes (12000 rpm, centrifugeuse Eppendorf, reference 5414) a temperature 
ambiante. Apres centrifiigation, la phase inferieure (Triton™ X-l 14 et endotoxines extraites) 
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de chaque lot est eliminee, et la phase aqueuse superieure (Extr. 1 ; acides nucleiques et 
endotoxines restantes) traitee a nouveau comme decrit par 1 % ou 3 % de Triton™ X-TT4 
apres prelevement d'une aliquote servant au dosage des endotoxines (Extr.2 et 3) Apres la 
troisieme extraction, la phase superieure est precipitee par ajout de 2,5 volumes d'ethanol 
absolu. Le precipitat est repris dans du Tris-HCI 10 rnM, EDTA ImM. P H 8 (Final). 

Le taux d'endotoxines est dose par un essai colorimetrique derive de la methode 
LAL, a i'aide du kit Biogenic COATEST (reference 822387) et les resultats presentes dans 
la F.gure 4. On observe une reduction notable du taux d'endotoxines apres deux extractions 
en presence de Triton 1 %. Un resultat similaire est obtenu lorsque 3 % de Triton- X-l 14 
sont utilises. Dans les 2 cas, le taux d'endotoxines mesure dans le produit final est 
compatible avec une utilisation pharmaceutique pour une dose moyenne de 1 mg d'ADN 
plasmidique. 



EXEMPLE 4 ; Precipitation selective de. ARNic conjaimnants 

Des essais de precipitation selective ont ete menes sur un lysat alcalin tel qu'obtenu 
a 1'exemple 1 afin de determiner les concentrations optimales en sulfate d'ammonium pour 
precipiter les ARNs contaminants. Pour ce faire, le lysat alcalin est reparti en 7 aliquotes 
soum.ses a une precipitation en presence de quantite croissante de sulfate d'ammonium 
(0,5 M, 1 M, 1,5 M, 2 M, 2,5 M, 3 M et 3,2 M final). 

Le materiel precipite recupere par centrifugation et le materiel soluble sont analyses 
par electrophorese sur gel d'agarose 0,4 %. Apres coloration au bromure d'ethidium et 
revelation par fluorescence UV, I'ADN plasmidique apparalt sous forme de bandes nettes 
correspondant aux differents topoisomeres. Au contraire, les ARNs forment une bande tres 
diffuse migrant dans la partie inferieure du gel. 

Les resultats illustres dans la Figure 5 montrent qu'au-dela d'une concentration finale 
de 1,5 M en sulfate d'ammonium, la tres grande majorite des ARNs se trouve selectivement 
precipitee alors que I'ADN plasmidique reste soluble. On notera egalement I'elimination dans 
le precipite d'especes d'acides nucleiques de grande taille retenues dans les poches du gel 
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d'analyse. 



EXEMPLE 5 : 



Precipitation selective des ARNs contaminants au chlorure de 
calcium . 



La precipitation selective des ARNs a egalement ete testee en presence de chlorure 
de calcium (CaCI 2 ). Un lysat alcalin prepare selon la methode decrite dans I'exemple 1, 
incluant Tetape de traitement au Triton™ X-l 14, a ete aliquote en echantillons identiques 
auxquels differents volumes d'une solution de CaCl 2 concentree (IM dans ce cas precis, 
mais une solution moins concentree, 0.5M par exemple, peut etre utilisee) sont ajoutes afin 
d'obtenir une concentration finale en chlorure de calcium de 10, 20, 30, 50, 75 ou 100 mM, 
respectivement. Les fractions solubles et insolubles sont separees par centrifugation, et le 
culot d'insoluble est resuspendu dans un tampon de faible force ionique en absence de 
CaCl 2 . Les echantillons solubles et insolubles sont analyses par electrophorese sur gel 
d'agarose et coloration au bromure d'ethidium d'une fraction d'echantillon afin de separer 
1'ADN plasmidique (formes circulaire ouverte et surenroulee) et les ARNs contaminants. 

Les resultats (Figure 6) montrent qu'au-dela d'une concentration de 30 mM en 
CaCl 2 une precipitation detectable des ARNs est observee. Cette precipitation devient 
importante puis massive au dela de 50 et 75 mM respectivement, puis quasi totale a 100 
mM. L'ADN plasmidique sous ses formes circulaire ouverte (Open-Circle, migrant le moins 
rapidement) et surenroulee (Super-Coiled, migrant le plus rapidement) demeure pour sa part 
majoritairement soluble dans chacun des cas. 

EXEMPLE 6 : Elimination des pigments colores . 

L'efficacite d^elimination des pigments colores presents apres Petape de lyse 
alcaline (cf. Exemples 1, 2 et 5) a ete evaluee au cours des etapes de concentration par 
ultrafiltration , de precipitation par Tisopropanol et de lavage par Tethanol a 80 %. 
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La presence de ces pigments se traduit par une coloration jaune du lysat alcalin brut 
avant sa concentration par ultrafiltration qui peut etre analysee par mesure de la densite 
optique a 340 nm. Cette absorbance a done ete mesuree sur les echantillons obtenus apres 
les etapes d'ultrafiltration initiate, de precipitation et de lavage par Tisopropanol et par 
I'ethanol a 80%. Deux series d'experiences ont ete realisees, Tune mettant en jeu la filtration 
du lysat alcalin sur fritte de verre, F autre sur cartouche de polypropylene Sartopure PP. Les 
lysats initiaux sont obtenus a partir de 150 g d'une biomasse cellulaire issue de deux 
fermentations du couple K colt souche DH5 x plasmide pTGl 1025 (-19 kbp). 



Experience N° 1 ; Macrofiltration realisee sur fritte de verre N° 3 ( 1 6 a 40 fim de porosite 
- Schott AG 



Etape 


Volume final 
(ml) 


Densite 
Optique 
a 340 nm 


Rendement 
cumule en 
pigments 


Facteur 
d'elimination 
cumule (X) 


Lysat brut initial 


5340 ml 


0,29 


100% 


1 X 


Post macrofiltration 


5260 ml 


0,28 


95,1 % 


1,1 X 


Post concentration par 
ultrafiltration (Easy- 
Flow 300kDa, Sartorius) 


795 ml 


0.38 


19,5 % 


5,1 X 


Post precipitation 
alcoolique 


432 m! 


0.39 


10,1 % 


9,2 X 
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Experience N°2 : Macrofiltration realisee sur cartouche SartopurePP2 ( S mm de 
porosite - Sartorius) 



Etape 


Volume final 
(ml) 


Densite 
Optique a 
340 nm 


Rendement 
cumule en 
pigments 


Facteur 
d'elimination 
cumule (X) 


Lysat brut initial 


5200 ml 


0.32 


100% 


1 X 


Post macrofiltration 


5000 ml 


0.31 


93,1 % 


1,1 X 


Post concentration par 
ultrafiltration (Easy-Flow 
300kDa, Sartorius) 


790 ml 


0.57 


27,0 % 


3,7 X 


Post precipitation 
alcoolique 


432 ml 


0.62 


16,1 % 


6,2 X 



Ces resultats montrent que les etapes d'ultrafiltration et de precipitation a 
I'isopropanol contribuent a l'elimination des pigments d'un facteur 4 a 5 x et 1,5 a 2 x, 
respectivement. Combinees, ces deux etapes permettent d'atteindre un facteur d'elimination 
de 6 a 10 X, soit une elimination totale de 80 a 90% des pigments colores. 



EXEMPLE 7 : Purification d u plasmide pTGl 1025 a p a rtir de la souche K cnli DHS 

Library Efficiency 



La souche E. coli DH5 Library Efficiency ( Life Technologies ; ref. 18262-014) est 
transformee avec le plasmide pTG11025 (voir exemple 2 et figure 2). Les etapes de 
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transformation, de preparation et de recolte de la biomasse sont identiques a celles decrites 
dans Pexemple 2. 

Le lysat brut est filtre sur une cartouche de filtration Sartopure PP2 (Sartorius, ref. 
5591302P9--0) sous un debit de 700 ml/min a Taide d'une pompe peristaltique. Le filtrat 
5 est ensuite concentre par ultrafiltration sur une membrane Millipore Minipellicon II en 
cellulose regeneree de type PL300 de surface 0,1 m 2 (ref. P2C300C01) (debit de 
recirculation -400 ml/min., debit de soutirage compris entre 60 et 30 ml/min. de fapon a 
maintenir une pression transmembranaire moyenne inferieure ou egale a 0,5. 10 5 Pa). 

Les acides nucleiques ainsi concentres (815 ml) sont traites a Tisopropanol et a 
10 I'ethanol comme precedemment decrit dans Texemple 2. Les endotoxines sont eliminees par 
trois extractions successives au Triton™ X-l 14. Les acides nucleiques sont precipites. Les 
sels et le detergent non ionique residuels sont rinses a Taide d'ethanol aqueux. 

Les acides nucleiques sont repris dans un tampon Tris 10 mM, EDTA 1 mM, pH 7,5 
et les ARNs sont specifiquement precipites en presence de CaCI 2 100 mM final. Ces ARNs 
1 5 sont elimines par centrifugation (10000 r.p.m., rotor Sorvall, SLAI500, temperature 20°C, 
40 min.). L'ADN plasmidique present dans la phase soluble est precipite par addition 
d'isopropanol et resolubilise dans un tampon Tris 10 mM, EDTA 1 mM, NaCI 250 mM, 
pH8. 

Un aliquote de Techantillon correspondant a 180 g de la biomasse initiale est depose 
20 sur une cotonne de Sephacryl S500 ( volume de 6 I , longueur 92 cm, diametre 8,9 cm, debit 
de 5 ml/min soit -5 cm/heure). L'absorbance de I'eluat est suivie a 254 nm. Les fractions 
contenant TADN plasmidique sont recoltees juste apres elution du volume mort de la 
colonne (-2100 ml), alors que celles contenant les ARNs sont recoltees apres environ 2 
volumes morts (-4100 ml). 
25 Les fractions contenant TADN sont ensuite regroupees (volume 1480 ml). L'ADN 

plasmidique est concentre par ultrafiltration sur une unite EasyFlow a membrane en 
triacetate de cellulose de seuil de coupure 20 kDa (Sartorius, rcf.l4549-OS-tV). Apres 
precipitation par Tethanol en presence d'acetate de sodium, I'ADN plasmidique est lave par 
Tethanol 80% et seche sous vide puis repris dans un tampon de conditionnement Tris 
30 10 mM, EDTA 1 mM, pH 7,5 et stocke congele a -20°C. 
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Afin d'anaiyscr la qualite de cet ADN, les parametres suivants ont ete mesures 
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Biomasse initiale : 

Quantite finale : 
Conditionnement : 
Proteines contaminantes: 
ARNs contaminants : 
Endotoxines : 
Fonctionalite : 
Structure : 
Rendement : 



360 g (poids humide) de pTGl 1025 / DH5LE 

approximativement 1,1 mg d'ADN / DCWml ). 

120 mg (post Ultrafiltration finale) 

1 mg/ml dans Tris 10 mM, EDTA 1 mM, pH 7,5 

<0.20%(n=l)(*) 

< 1.0%(n=l)(*) 

3,7 UE/mg d'ADN 

Actif en transfection in vitro 

Conforme par analyse de restriction 

- 30 % 

(*) valeurs < aux limites de quantification des dosages. 
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REVINDICATIONS 

1 Procede pour preparer un ADN plasmidique a partir d'une biomasse celluiaire humide 
recoltee apres fermentation d'une cellule productive comprenant ledit ADN 
plasmidique, caracterise en ce qu'il comprend les etapes suivantes : 

a) iyse alcaline de la biomasse resuspendue, apres resuspension de la biomasse 
celluiaire humide, 

b) acidification a force ionique elevee, 

c) elimination des insolubles, 

d) reduction des endotoxines et des acides ribonucleiques (ARN), 

e) chromatographic de gel filtration, et 

f) conditionnement. 



2. Procede seion la revendication 1, caracterise en ce que I'etape de lyse alcaline est 
effectuee en presence de soude et de sodium dodecyl sulfate (SDS). 

3. Procede selon la revendication 1 ou 2, caracterise en ce que I'etape d'acidification est 
effectuee en presence d'acetate de potassium a un pH final d'environ 5,1. 

4. Procede selon Tune des revendications 1 a 3, caracterise en ce que I'etape d'elimination 
des insolubles comprend au moins une etape de macrofiltration. 

5. Procede selon la revendication 4, caracterise en ce qu'il comprend deux a trois etapes 
successives de macrofiltration sur filtres de porosites decroissantes inferieures a 100 urn, 
40 fim et/ou 16 u,m. 

). Procede selon la revendication 4, caracterise en ce qu'il comprend une seule etape de 
macrofiltration realisee sur cartouche de porosite egale a 8 urn ou a 3 urn. 




7. Procede selon Tune des revendications 1 a 6, caracterise en ce que 1'etape de reduction 
des endotoxines comprend au moins une etape d'extraction en presence d'un detergent 
ayant un point nuage compris entre 15°C et 35°C, avantageusement 18°C et 30°C et, 
de preference 20°C et 25°C. 

8. Procede selon la revendication 7, caracterise en ce que 1'etape de reduction des 
endotoxines comprend 1 a 3 extractions successives realisees en presence de I a 3 % 
final dudit detergent. 

9. Procede selon la revendication 7 ou 8, caracterise en ce que le detergent est choisi parmi 
les polyoxyethylenes. 

10. Procede selon la revendication 9, caracterise en ce que le detergent est le Triton™ X- 
114. 

1 1 . Procede selon Tune des revendications 7 a 10, caracterise en ce que 1'etape de reduction 
des endotoxines est suivie d'une etape de precipitation alcoolique. 

12. Procede selon 1'une des revendications 1 a 1 1, caracterise en ce que 1'etape de reduction 
des ARNs comprend une precipitation selective des ARNs dans des conditions de haute 
force ionique. 

13. Procede selon la revendication 12, caracterise en ce que la precipitation selective est 
effectuee en presence de sulfate d'ammonium a une concentration finale comprise entre 
2 et 2,5 M. 

14. Procede selon la revendication 12, caracterise en ce que la precipitation selective est 
effectuee en presence de chlorure de calcium a une concentration finale comprise en 10 
mM et 2M, avantageusement entre 20 mM et 0,5 M, et de maniere preferee entre 50 
mMetO.lM. 
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15. Procede selon Tune des revendications 1 a 14, caracterise en ce que 1'etape de 
chromatographic de gel filtration est effectuee sur un support ayant une limite 
d'exclusion superieure ou egale a 20x1 0 6 Da. 

5 

16. Procede selon la revendication 15, caracterise en ce que le support est selectionne parmi 
les supports Sephacryl S500, Sephacryl SI 000 et GF2000. 

17. Procede selon Tune des revendications 1 a 16, caracterise en ce que le conditionnement 
1 0 comprend une etape de filtration sterilisante. 

18. Procede selon Tune des revendications 1 a 17, caracterise en ce qu'il comprend en outre 
entre les etapes c) et d), d) et e) et/ou e) et 0, une etape de concentration suivie, de 
maniere optionnelle, par une etape de precipitation alcoolique et resuspension en phase 

1 5 aqueuse. 

19. Procede selon la revendication 18, caracterise en ce que I'etape de concentration est 
effectuee par ultrafiltration sur membrane ayant un seuil de coupure compris entre 20 
et 300 kDa. 

20 

20. Procede selon la revendication 19, caracterise en ce que i'etape de concentration est 
effectuee par ultrafiltration sur membrane ayant un seuil de coupure compris entre 30 
et 100 kDa. 



21. Procede selon Tune des revendications 1 a 20, caracterise en ce que P ADN plasmidique 
compris dans ladite cellule productrice est un ADN plasmidique recombinant 
comprenant un gene selectionne parmi les genes codant pour une cytokine, un recepteur 
cellulaire ou nucleaire, un ligand, un facteur de coagulation, la proteine CFTR, Tinsuline, 
la dystrophine, une hormone de croissance, une enzyme, un inhibiteur d'enzyme, un 
polypeptide a effet antitumoral, un polypeptide capable d'inhiber une infection 




bacterienne, parasitaire ou virale et, notamment a VIH, un anticorps, une toxine, une 
immunotoxine et un marqueur. 

22. Precede selon Tune des revendications I a 21 pour la preparation d'un ADN plasmidique 
de taille superieure a 10 kb. 

23. Procede selon Tune des revendications 1 a 22, caracterise en ce que la biomasse 
cellulaire humide est recoltee apres fermentation d'une souche d' Escherichia coli 
comprenant un ADN plasmidique recombinant. 

24. Procede selon la revendication 23, caracterise en ce que la souche $ Escherichia coli est 
selectionnee parmi les souches DH5, DH10B et MCI 061. 

25. Procede selon Tune des revendications 1 a 24, caracterise en ce qu'il comprend les etapes 
suivantes : 

a) resuspension de la biomasse cellulaire humide, 

b) lyse alcaline de la biomasse resuspendue obtenue a I'etape a) en presence de soude 
et de SDS, 

c) acidification du lysat alcalin obtenu a I'etape b) en presence d'acetate de potassium 
a un pH final d'environ 5, 1, 

d) elimination des insolubles par macrofiltration du lysat acidifie obtenu a Tetape c), 

e) concentration du fdtrat obtenu a I'etape d) par ultrafiltration sur membrane ayant 
un seuil de coupure compris entre 20 et 300 kDa, de preference entre 30 et 100 
kDa, et precipitation alcoolique suivie d'une resuspension du precipite en milieu 
aqueux, 

0 reduction des endotoxines du precipite resuspendu a Tetape e) par extraction en 
presence de Triton™ X- 114 suivi d'une precipitation alcoolique et d'une 
resuspension du precipite en milieu aqueux, 

g) reduction des ARNs du precipite resuspendu obtenu a I'etape f) par precipitation 
selective en presence de sulfate d'ammonium ou de chlorure de calcium, 

h) chromatographic de gel filtration du surnageant obtenu a I'etape g) sur un support 
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Sephacryl S500, 

i) concentration des fractions contenant ledit ADN plasmidique obtenues a l'etape h) 
par ultrafiltration sur une membrane ayant un seuil de coupure compris entre 20 
et 300 kDa, de preference entre 30 et 100 IcDa, et precipitation alcoolique, et 
5 j) conditionnement par resuspension du precipite obtenu a l'etape i) dans un tampon 

acceptable d'un point de vue pharmaceutique suivie d'une filtration sterilisante et 
d'une repartition en doses. 



26. Composition pharmaceutique comprenant un ADN plasmidique purifie par le procede 
10 selon Tune des revendication 1 a 25. 



27. Composition pharmaceutique selon la revendication 26, comprenant en outre un 
compose lipidique. 

15 28. Composition pharmaceutique selon la revendication 27, caracterisee en ce que le 
compose lipidique est choisi parmi le 5-carboxyspermylglycine dioctadecylamide 
(DOGS), le 3(3 ([N-CN'^-dimethylaminoethane^carbamoyl] cholesterol (DC-Choi), le 
(2,3-droleylocyl-N-[2(sperminecarboxamido) ethyl] N, N-dimethyl-l-propanaminium 
trifluoroacetate) (DOSPA), la spermine cholesterol et la spermidine cholesterol. 

20 

29. Composition pharmaceutique selon Tune des revendications 26 a 28, comprenant en 
outre un adjuvant capable d'ameliorer le pouvoir transfectant de ladite composition 
pharmaceutique. 



25 30. Composition pharmaceutique selon la revendication 29, caracterisee en ce que ledit 
adjuvant est un lipide neutre et, notamment la dioleyl phosphatidyl ethanolamine 
(DOPE). 



30 



31. Utilisation d'une composition pharmaceutique selon Tune des revendications 26 a 30, 
pour la preparation d'un medicament destine au traitement du corps humain ou animal 
par therapie genique. 
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FEWLLE DE REMPLACEMENT (REGIE 26) 
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FRJILLE DE REMPLACEMENT (REGLE 26) 




Ligne Echantillon 

1 Lysat alcalin total : Surcharge 10 x 

2 Lysat alcalin total 

3 Precipitation par 0,5 M final de sulfate cTammonium 

4 Precipitation par 1,0 M de 

5 Precipitation par 1,5 M de 

6 Precipitation par 2,0 M de 

7 Precipitation par 2,5 M de 

8 Precipitation par 3,0 M de 

9 Precipitation par 3,2 M de 



123456789 

Gel N° 1 : 

Materiel precipite 
(ARNs) 



Gel N° 2 : 

Materiel soluble 
(ADN plasmidiquel 
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METHOD OF PREPARING PLASMID DNA 

The subject of the present invention is a new 
protocol for purifying plasmid DNA which makes it 
5 possible to produce in a ■ large quantity a DNA of 
acceptable pharmaceutical quality for use in humans. It 
also relates to a pharmaceutical composition comprising 
the DNA thus obtained and its use for the transfer of a 
nucleic acid into a host cell. The present invention is 
10 of particular interest for the purposes of gene 
therapy. 

The transfer of genes into a given cell 
constitutes the very basis of gene therapy. This new 
technology, whose field of application is vast r makes 
15 it possible to envisage the treatment of serious 
diseases for which conventional therapeutic alter- 
natives are not very effective or do not even exist and 
relates to both genetic diseases (hemophilia, cystic 
fibrosis, myopathy and the like) and acquired diseases 
20 (cancer, acquired immunodeficiency syndrome AIDS, and 
the like) . The most widely used approach consists in 
using a viral vehicle to introduce the therapeutic 
nucleic acid into the cell to be treated and, in 
particular, a retroviral and adenoviral vehicle. 
25 Indeed, viruses have developed sophisticated mechanisms 
for crossing the cell membranes, for avoiding 
degradation at the level of the lysosomes and for 
causing their genome to penetrate into the nuclei in 
order to bring about the expression of the therapeutic 
30 gene. However, the viral approach has its limitations, 
in particular a limited cloning capacity, a potential 
production of replication-competent viral particles 
capable of spreading in the host organism and the 
environment, a risk of insertional mutagenesis in the 
35 case of retroviral vectors and, as regards adenoviral 
vectors, induction of immune and inflammatory responses 
in the host which hamper repetition of treatment. These 




major disadvantages in the context of a human use 
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justify the search for alternative systems for the 
transfer of nucleic acids. 

An increasing number of methods for the 
transfer of genes make use of nonviral vectors. One of 
5 the most widely used consists in delivering the 
therapeutic nucleic acid by means of synthetic vectors 
such as cationic lipids which spontaneously interact 
with the nucleic acid to form positively charged 
complexes capable of fusing with the anionic cell 

10 membranes and of bringing about the penetration of the 
nucleic acid which they are transporting (see for 
example Behr, Bionconjugate Chemistry (1994) 5: 382) . A 
so-called biolistic method ("gene gun") using bombard- 
ment of cells with DNA-coated metallic microprojectiles 

15 was recently used in the context of an anti-AIDS trial 
(Woffendin et al., 1996, Proc. Natl. Acad. Sci. USA 93, 
2889-2894). Finally, an even simpler approach may also 
be envisaged by direct administration of naked DNA, 
especially in the context of diseases affecting the 

20 muscles, by intramuscular injection. These nonviral 
methods generally use a plasmid vector carrying the 
therapeutic gene and the elements necessary for its 
expression. 

The carrying out of clinical trials based on 
25 nonviral methods requires being able to produce large 
quantities of plasmid DNA of pharmaceutical quality. 
The methods conventionally used are not optimal since 
they use enzymes of animal origin (lysozyme, protein- 
ase, ribonuclease and the like), organic solvents known 
30 for their toxicity (phenol, chloroform) and mutagenic 
compounds (ethidium bromide) which are likely to 
contaminate the final product. Furthermore, their use 
on an industrial scale is difficult to carry out. 

International applications WO95/21250 and 
35 WO96/02658 describe methods of preparing plasmid DNA in 
purified form, which methods can be used for human 
trials. However, it is known that a number of variables 




can influence the efficiency of preparative methods, 
especially the plasmid to be purified, its size, the 
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microorganism producing it, the fermentation medium and 
conditions. In this context, it is advantageous to be 
able to have a new method for the production of large 
quantities of plasmid DNA of pharmaceutical quality. 
5 A new method of preparing plasmid DNA has now 

been found which comprises a succession of steps which 
are easy to carry out, avoiding the use of products of 
animal origin, toxic products and mutagenic products 
such as those cited above and which can be adapted to 

10 an industrial scale. The DNA is produced with a high 
yield, in a substantially pure form and of a quality 
which is compatible with a human use. The residual 
contaminations with proteins, endotoxins, RNA and 
genomic DNA of the producing microorganism are particu- 

15 larly low or even nondetectable by standard detection 
techniques. The examples which follow also show that 
this method allows the purification, in an efficient 
manner, of a large-sized plasmid incorporating the cDNA 
for dystrophin, intended for the treatment of 

20 Duchenne's myopathy. 

Accordingly, the subject of the present 
invention is a method for preparing a plasmid DNA from 
a wet cell biomass harvested after fermentation of a 
producing cell comprising said plasmid DNA, 

25 characterized in that it comprises the following steps: 



30 



35 




a) alkaline lysis of the resuspended biomass, 
after resuspension of the wet cell biomass 

b) acidification at a high ionic strength, 

c) removal of the insoluble matter, 

d) reduction of the endotoxins and of the ribo- 
nucleic acids (RNA), 

e) gel filtration chromatography, and 

f) conditioning. 

For the purposes of the present invention, 
"plasmid DNA" designates an extrachromosomal cellular 
element consisting of a generally circular DNA molecule 
capable of autonomous replication in a producing cell 




10 



15 



20 



25 



30 



35 




- 4 - 

(the cell in which it is amplified). The choice of 
Plasmids which can be used in the method of the present 
invention is vast. They may be of any origin 
(prokaryotic or eukaryotic) or may be formed by the 
assembly of a variety of elements. In general, plasmids 
are known to persons skilled in the art. A large number 
of them are commercially available but it is also 
possible to construct them by genetic engineering 
techniques (Maniatis et al., 1989, Laboratory Manual, 
Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY). There may be a cloning or expression 
vector derived for example from P BR322 (Gibco BRL) , pUC 
(Gibco BRL), pBluescript (Stratagene) , P REP4, P CEP4 
(Invitrogen) or alternatively pPoly (Lathe et al., 
1987, Gene 57, 193-201) . 

Advantageously, a plasmid used in the context 
of the present invention possesses the genetic elements 
which allow it to replicate autonomously in the 
producing cell and, optionally, in a host cell (cell in 
which the therapeutic effect is sought) . Such elements 
may consist, inter alia, of a replication origin 
allowing initiation of replication in a bacterium, a 
yeast, a fungus or a mammalian cell. It may be isolated 
from a prokaryot (ColEl and the like), from a eukaryot 
<2p or ARS for autonomously replicating sequence), from 
a virus (SV40 ori from the simian virus 40, oriP from 
the E P stein-Barr virus EBV and the like) or from a 
bacteriophage (flori and the like). The choice of the 
appropriate replication origin is within the capability 
of persons skilled in the art. For example, for a 
plasmid intended to be produced - in the microorganism 
Escherichia coli (E. coli) , the ColEl origin will be 
selected. Furthermore, if it i s desired that it should 
be self-replicating in a mammalian host cell, it will 
also comprise an origin which is functional in a 
eukaryot, for example oriP, and it may also include the 
gene encoding the EBNA-1 protein of the EBV virus which 
is necessary for replication using it (Lupton and 
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Levine, 1985, Mol. Cell. Biol. 5,2533-2545; Yates et 
al., Nature 313, 812-815). 

Moreover, a plasmid in use in the present 
invention may, in addition, comprise a selectable gene 
5 which makes it possible to select or identify the cells 
transfected (producing cells and/or host cells) . It is 
possible to apply the methods of selection based on the 
principle of deficient producing cells (through 
auxotrophic mutations or introduction of a lethal gene) 
10 which are incapable of growing in the absence of a 
plasmid carrying a gene complementing this deficiency 
(for example dap system described in Patent 
EP 0,258,118, complementation of an auxotrophic muta- 
tion, use of genes encoding a suppressor tRNA supE, 
15 supF and the like) . Another practice which is commonly 
used consists in integrating into the plasmid a gene 
encoding resistance to an antibiotic (ampicillin, 
kanamycin, tetracycline and the like) . Of course, it 
may comprise additional elements which enhance its 
20 retention and/or its stability in a host or producing 
cell. In this regard, there may be mentioned the cer 
sequence whose presence promotes the monomeric 
retention of a plasmid (Summers and Sherrat, 1984, Cell 
36, 1097-1103) and some sequences of viral origin 
25 (retrovirus LTR, ITR from an adeno-associated virus and 
the like) or. of cellular origin allowing integration 
into the chromosomes of the host cell. 

In accordance with the aims pursued by the 
present invention, a plasmid in use in the present 
30 invention is intended to transport one or more genes of 
therapeutic interest into a host -cell. In general, the 
gene of interest may encode an antisense RNA, a 
messenger RNA which will then be translated into a 
polypeptide of interest, a ribozyme or alternatively an 
35 RNA which confers a direct therapeutic benefit (VA RNA 
of an adenovirus capable of repressing the immune 
response, RNA which activates the synthesis of 
interferon) (Abbas et al . , in Cellular and Molecular 



Immunology; W.B., Saunders Company Harcourt Brace 
Jovanovich Inc. p. 228) . 

The gene of interest may be isolated by any 
conventional technique such as cloning, PCR (Polymerase 
Chain Reaction) or alternatively synthesized chemi- 
cally. It may be of the genomic type (equipped with one 
or more introns) or complementary DNA (cDNA) . The 
polypeptide of interest may consist of a mature 
protein, a precursor and in particular a precursor 
intended to be secreted and comprising a signal 
peptide, a truncated protein, a chimeric protein 
derived from the fusion of sequences of various origins 
or alternatively a mutated protein having improved 
and/or modified biological properties. 

By way of examples, use may be made of a gene 
of interest selected from those encoding the following 
polypeptides : 

cytokines or lymphokines (a-, (J- and 
y-interferons, interleukins and especially IL-2, 
IL-6, IL-10 or IL-12, tumor necrosis factors 
(TNF), colony-stimulating factors (GM-CSF, C-CSF, 
M-CSF and the like) ; 

cellular or nuclear receptors, especially those 
recognized by pathogenic organisms (viruses, 
bacteria or parasites) and, preferably, by the HIV 
virus (Human Immunodeficiency Virus) or their 
ligands; 

proteins involved in a genetic disease (factor 
VII, factor VIII, factor IX, dystrophin or 
minidystrophin, insulin, CFTR (Cystic Fibrosis 
Transmembrane Conductance Regulator) protein, 
growth hormones (hGH) ; 

enzymes (urease, renin, thrombin and the like) ; 
enzyme inhibitors (al-antitrypsin, antithrombin 
III, viral protease inhibitors and the like); 
polypeptides with antitumor effect which are 
capable of inhibiting, at least partially, the 
initiation or the progression of tumors or cancers 
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(antisense RNA, antibodies, inhibitors acting on 
cell division or transduction signals, products of 
expression of tumor suppressor genes, for example 
p53 or Rb, proteins stimulating the immune system 
and the like) ; 

proteins of the major histocompatibility complex 
classes I or II or regulatory proteins acting on 
the expression of the corresponding genes; 
polypeptides capable of inhibiting a viral, 
bacterial or parasitic infection or its develop- 
ment (antigenic polypeptides having immunogenic 
properties, antigenic epitopes, antibodies, 
transdominant variants capable of inhibiting the 
action of a native protein by competition and the 
15 like); 

toxins (thymidine kinase of the herpes simplex 
virus 1 (TK-HSV-1), ricin, cholera or diphtheria 
toxin and the like) or immuno toxins; and 
markers (p-galactosidase, luciferase and the 
20 like) . 

Of course, the gene of interest may be placed 
under the control of elements necessary for its 
expression in the host cell. "Elements necessary for 
25 its expression" designate all the elements allowing its 
transcription into RNA and the translation of an mRNA 
into a polypeptide. Among these, the promoter is of 
particular importance. It may be derived from any gene 
(eukaryotic, viral, natural promoter of the gene of 
30 interest in question and the like) or it may be 
artificial. Moreover, it- may -be constitutive or 
regulatable. Alternatively, it may be modified so as to 
enhance the promoter activity, suppress a region 
inhibiting transcription, modify its mode of regula- 
35 tion, introduce a restriction site and the like. There 
may be mentioned, by way of examples, the CMV 
(Cytomegalovirus) viral promoter, RSV (Rous Sarcoma 
Virus) viral promoter, HSV-1 virus TK gene promoter, 
SV40 virus early promoter, MLP adenoviral promoter and 
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the like, or alternatively eukaryotic promoters of the 
murine or human PGK (phospho glycerate kinase) gene, 
al-antitrypsin gene (liver-specific), and 

immunoglobulin genes (lymphocyte-specific) . 
5 Such elements may also comprise additional 

elements such as introns, signal sequence, nuclear 
localization sequence, sequence for termination of 
transcription (polyA) , site for initiation of transla- 
tion of the IRES type or of another type, and the like. 
10 A plasmid in use in the present invention is 

amplified in a producing cell before being purified 
according to the method of the present invention. Gram- 
negative bacteria and in particular E. coli are most 
particularly preferred. As a guide, there may be 
15 mentioned the strains DH5 (Grant et al., 1990, Proc. 
Natl. Acad. Sci. USA 87, 4645-4649), MC1061 (Wertman et 
al., 1986, Gene 49, 253-262) and its derivatives such 
as DH10B (Grant et al . , 1990, supra). Given that this 
is a technology which is widely known to date, only a 
20 brief description will be given of the procedure to be 
carried out in order to introduce a plasmid into a 
bacterium and to amplify it. All conventional tech- 
niques may be used in the context of the present 
invention (treatment with calcium, rubidium and 
25 hexaminecobalt chlorides, with reducing agents, with 
DMSO, electroporation, transduction, liposomes and the 
like; Maniatis et al . , 1989, supra). The producing 
cells thus transformed are then altered according to 
general practices in the art (continuous, M batch" or 
30 "fed batch" fermentation. The culture conditions can be 
easily established by persons skitled in the art on the 
basis of the general knowledge in this field and of the 
selection system carried by the plasmid. Their harvest 
is carried out according to the usual techniques, such 
35 as filtration or alternatively low-speed 

centrifugation, in order to generate the wet cell 
biomass which can, at this stage, be frozen or stored 
at 4°C before being subjected to the method according 
to the invention. 
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According to the method of the invention" the 



lysis of the wet cell biomass is carried out after 
having carried out its resuspension . A resuspension 
buffer is generally used which is slightly basic in 
5 order to neutralize the acidic character of the 
cellular paste and which is of a low ionic strength 
having little or no lytic effect on the transformed 
cells. Its composition and its pH can vary in 
particular according to the producing cell, the culture 
10 medium used or any other parameter. Persons skilled in 
the art are capable of preparing an appropriate 
resuspension buffer. There may be mentioned, by way of 
example, a buffer containing EDTA (concentration of 1 
to 50 mM, preferably 10 mM) and Tris-HCl (concentration 
15 of 10 to 100 mM, preferably 50 mM) buffered to a pH of 
about 8. The cells can be resuspended by any usual 
technical means such as rectilinear stirring, repeated 
pipetting and/or homogenizer (vortex, homogenizer via 
shearing and the like) . 
20 The alkaline lysis step makes it possible to 

release the cellular content and to solubilize all the 
components thereof. Proteins, RNA and DNA are denatured 
including the plasmid DNA whose two homologous strands 
remain entangled, unlike the genomic DNA. It may be 
25 advantageous to carry out the alkaline lysis in the 
presence of a detergent and, preferably, of an anionic 
surfactant. The choice of the base and of the surfac- 
tant is not limited. In this regard, the combination 
sodium hydroxide and SDS (sodium dodecyl sulfate) is 
30 preferred, especially at final concentrations of about 
0.1 M and 0.5% respectively. The -final pH of the lysis 
solution is preferably between 11 and 13 and, 
optimally, between 12.2 and 12.4. It is indicated that 
it is preferable to mix the resuspended transformed 
35 cells and the lysis solution gently, for example by 
inverting, so as to minimize breaks in the genomic 
cellular DNA which would then be capable of contaminat- 
ing the plasmid DNA preparation. Although this is not a 
preferred embodiment, it is nevertheless possible, in 
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the context of the present invention, to facilitate the 
cell lysis by heating at a high temperature (see for 
example international application WO96/02658) or the 
use of animal enzymes which degrade the cell membranes 
(lysozyme and the like) . 

The second step of the method according to the 
invention results in acidification, at high ionic 
strength, of the lysate obtained above. The acidifica- 
tion is preferably carried out suddenly, that is to say 
in a single step. Under these conditions, the plasmid 
DNA is rapidly renatured while the great majority of 
proteins, of denatured genomic DNA and of the RNA 
species which are insoluble under a high ionic strength 
condition circulate. In the context of the present 
invention, a solution comprising a buffer or a strong 
acid combined with a salt whose pH is between 4.5 and 
6.5 is used. According to an advantageous embodiment, a 
solution of potassium acetate at a final concentration 
of close to 1 M is preferably used so as to obtain a 
final pH of about 5.1. However, it would also have been 
possible to use a solution of sodium acetate having a 
pH and a concentration as indicated above. 

The insoluble matter consisting of cellular 
debris and flocculates of macromolecules are then 
removed. This may be carried out by any conventional 
filtration or centrif ugation technique. It may be 
judicious to remove most of the insoluble matter first 
by centrifugation and then to continue the clarifica- 
tion by filtration. Many filters can be used in the 
context of the present invention provided that they 
retain the insoluble matter and allow the plasmid DNA 
to pass through. Advantageously, the filter chosen will 
have a porosity of between 1 and 100 urn, more advan- 
tageously 2 and 75 urn, preferably 5 and 75 urn, most 
advantageously 3 and 50 pm, and most preferably 10 and 
50 urn. It may be made of a synthetic material such as 
nylon, an organic material such as cellulose or a 
nonorganic material such as glass. According to an 
advantageous embodiment, successive filt rations are 
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carried out with the aid of filters of decreasing 
porosities, for example a first filtration on sintered 
glass having a porosity of between 100 and 40 um (No. 2 
sintered glass, Schott AG) , the second on sintered 
5 glass having a porosity of 16 to 40 um (No. 3 sintered 
glass, Schott AG) and the last on sintered glass having 
a porosity of 10 to 16 um (No . 4 sintered glass, Schott 
AG) . 

According to another variant, it is possible to 
10 carry out a single filtration using polypropylene 
cartridge Sartopure PP having a porosity of 8 urn (Ref. 
552 1302 P9-00-A) or Sartopure PP2 having a porosity of 
3 urn (Ref. 559 1302 P9-00-A) . 

According to an optional but particularly 
15 advantageous embodiment, the filtrate may be concen- 
trated before the next step of reduction of endotoxins. 
The means for concentrating a DNA dissolved in an 
aqueous solution are known to persons skilled in the 
art. There may be mentioned ultrafiltration, alcohol 
20 precipitation or alternatively a combination of these 
two techniques . 

As regards ultrafiltration, various membranes 
can be used as long as they do not or only slightly 
adsorb the plasmid DNA under the conditions for use. 
25 Membranes may be advantageously used whose cut-off is 
between 20 and 300 kDa, preferably between 30 and 
100 kDa. They may be of varied compositions, organic or 
otherwise (poly (ether) sulf one, cellulose acetate and 
the like) . The membranes which are particularly 
30 suitable are those of the YM type (and in particular 
YM30-76, Diaflo and YM30-4208, Centricon) , those with 
which the Easy Flow units are equipped (reference 
14669-OS-1V or 14669-OS-2V, Sartorius) or alternatively 
minipellicon 2 PL300 (Millipore made of regenerated 
35 cellulose) . Ultrafiltration constitutes, at this step, 
a powerful means of reducing the contamination of the 
plasmid DNA preparation with pigments of cellular 
origin or derived from the culture medium. 
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It is also possible to concentrate the nucleic 
acids by alcohol precipitation in the presence of 
ethanol or isopropanol. The precipitation parameters 
such as volume of alcohol to be added, temperature, 
5 presence of monovalent cations as well as the recovery 
of the precipitated material are detailed in many 
manuals accessible to persons skilled in the art. In 
particular, precipitation with isopropanol has the 
advantage of further reducing the content of pigments, 
10 some of them being soluble in the alcoholic phase. 

According to a preferred mode, the filtrate is 
first concentrated by ultrafiltration on a polysulfone 
membrane having a cut-off of about 100 kDa with the aid 
of a disposable Easy Flow type unit (Sartorius) or on a 
15 minipellicon 2 PL300 membrane (Millipore) having a cut- 
off of about 300 kDa. Once the volume is reduced by a 
factor of 5 to 20, the nucleic acids are precipitated 
by addition of 0.7 volume of isopropanol. The precipi- 
tated material is recovered by centrifugation and may 
20 be subjected to one or more washes in ethanol at a 
concentration of 70 to 80% in order to reduce the 
alcohol-soluble contaminants as salts and, as already 
mentioned, residual pigments. After drying, the nucleic 
acids are taken up in an appropriate buffer, for 
25 example 10 mM Tris-HCl, pH 8, containing EDTA at a 
concentration of about 1 mM, in order to inhibit the 
nucleases, and optionally sodium acetate (at a final 
concentration of about 0.3 M which allows the precipi- 
tation of the nucleic acids after the step of 
extraction with Triton). It is important to note here 
that the ultrafiltration and isopropanol precipitation 
steps are particularly advantageous in order to remove 
most of the pigments from the preparation. 

At this stage, the plasmid DNA preparation 
contains large quantities of RNAs and of endotoxins and 
the following steps consist in a reduction of their 
levels. Reduction is understood to mean a substantial 
reduction in the level of endotoxins or RNA between the 
beginning and the end of the step, by a factor of at 
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least 100 and, preferably, of at least 1000.~ The 
concentration of RNA and endotoxins may be assessed by 
tests similar to those described below or by any other 
methodology disclosed in the literature. Although the 
5 steps can be interchanged, it is preferable, in the 
first place, to act on the endotoxins and then on the 
RNAs . 

Endotoxins, because of their pyrogenic 
character, should be considerably reduced or even 

10 eliminated before envisaging administration to humans. 
As regards common pharmaceutical products, the maximum 
dose which can be tolerated has been set by the health 
authorities at 5 units <EU) per dose. Now, it has been 
shown that common methods of preparing plasmid DNA 

15 (ultracentrifugation on cesium chloride gradient, 
anion-exchange chromatography and the like) allow large 
quantities of endotoxins to remain (Cotten et al., 
1994, Gene Therapy 1, 239-246). 

For the purposes of the invention, use will be 

20 preferably made of an extraction in the presence of a 
nonionic detergent having a cloud point of between 15°C 
and 35°C, advantageously 18°C and 30°C and, preferably, 
20°C and 25°C. A preferred detergent is chosen from the 
polyoxyethylenes. Examples of detergents which can be 

25 used according to the present invention are described 
in the following table: 
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Detergent 


Cloud 
point 
(°C) 


Density 
(20°C) 


Formula 


Supplier 


Brij58 


45*C 




C lfi H33(OCH 2 CH 2 ) 20 OH 


ICI 

Americas 


Triton™ 
X-L14 


22'C 


1.054 


<CH 3 ) 3 C-CH 2 -C(CH 3 ) 2 -C 6 H 4 - 
(OCH ? CH 2 ),. 0 OH 


Sigma 


Tergitol™ 
TMN6 




1 . 009 


Ci 2 H 25 (OCH 2 CH 2 ) a OH 


Sigma 


Tergitol™ 
NP7 


41°C 


1.048 


C 9 H 19 -C 6 H 4 - (OCH 2 CH 2 ) 7 _ e OH 


Sigma 


Tergitol™ 
Mi n- Foam 
IX 


40°C 


0.995 


Cii-i5H 23 -3i-O(CH 2 CH 2 0J x 

[ CH 2 CH 2 0 /CH 2 CH ( CH 3 ) 0] y CH 2 CH < CH 3 ) 

OH 


Sigma 


Tergitol™ 
Mi n- Foam 
2X 


20°C 


0.978 


Cii-isHzs-n-OtCHzCHzO), 
[CH 2 CH 2 0/CH 2 CH (CHj)O] y CH 2 CH (CH 3 ) 
OH 


Sigma 
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The compounds described above are amphiphilic 
compounds whose miscibility in the aqueous phase may be 
controlled by varying the temperature around their 
cloud point. Advantageously, according to the method of 
the invention, the DNA preparation is cooled to a 
temperature of less than 10 'C before adding said 
detergent. The final concentration of detergent to be 
used may be between 0.5 and 6%, advantageously between 
1 and 5% and, most preferably, at around 1%. Under 
these conditions, said detergent is soluble in water 
and forms micelles which complex the endotoxins. After 
incubation and centrifugation of the plasmid 
DNA/detergent mixture at " a temperature considerably 
greater than the cloud point (for example >37°C in the 
case of Triton™ X-U4), there is separation of two 
Phases: an aqueous phase containing the plasmid DNA and 
a phase containing the detergent and the endotoxins. 
When the detergent chosen has a density greater than 
that of the DNA solution, after separation of the 
Phases by centrifugation, the aqueous phase is located 
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in the top part of the tube and the phase containing 
the detergent and the endotoxins in the bottom part, 
and conversely when the detergent has a density less 
than that of the DNA solution. For obvious technical 
5 reasons, a detergent will be preferably chosen which 
has a density greater than that of the DNA solution. 
Persons skilled in the art have, in addition, the 
necessary knowledge allowing them to adjust, if 
necessary, the density of the DNA solution by 

10 modifying, for example, the salt concentration of said 
solution. The method according to the invention may 
comprise one or more (preferably 3) successive 
extractions as described above. 

According to the present invention, a preferred 

15 detergent consists of Triton™ X-114 (octoxynol or 
octylphenoxy-poly (ethyleneglycoether) n with n = 7 or 8) 
whose cloud point is about 20°C and the density about 
1.06. 

The present invention also relates to a variant 
20 of the method of the invention according to which the 
nonionic detergent chosen has a cloud point situated 
outside the recommended range, and according to which 
said cloud temperature is adjusted by the addition of a 
small quantity of an anionic detergent ("Nonionic 
25 Surfactants", Chapter "Surfactant and Detersive 
Systems" in Kirk-Othmer Encyclopaedia of Chemistry, 
John WILEY & Sons, 1995) . 

According to an advantageous variant of the 
method according to the invention, the reduction in the 
30 endotoxins is followed by a step of alcohol 
precipitation of the plasmid DNA -by incubating at cold 
temperature (4°C, -20°C or -80°C) in the presence of 
0.3 M sodium acetate and about 70% ethanol. The 
precipitate of nucleic acid is conventionally recovered 
35 by centrifugation. It may be washed with an 80% ethanol 
solution in water before being dried and redissolved in 
an aqueous medium such as for example 10 mM Tris-HCl, 
pH 8, 1 mM EDTA. This precipitation step, which is 



• 
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moreover optional, offers an effective means of 
removing traces of residual Triton™ X-114. 

The reduction in the contamination by RNAs may 
be carried out by any means known in' the art, for 
example enzymatic hydrolysis by means of a ribonuclease 
of animal origin such as bovine pancreatic ribo- 
nuclease A. However, in the context of the present 
invention, it i s preferable to use a selective 
precipitation of the RNAs under conditions of high 
ionic strength and in the presence of dehydrating 
agents. Various salts may be used and there may be 
mentioned, as a guide, lithium chloride (Ze'ev Lev, 
1987, Analytical Biochemistry 160, 332-336), calcium 
chloride, ammonium acetate and ammonium sulfate. In 
this regard, ammonium sulfate constitutes a preferred 
embodiment, particularly at a final concentration of 
between 1 and 3.5 M, preferably between 1.5 and 3 M 
and, most preferably, between 2 and 2.5 M. According to 
another variant of the invention, calcium chloride may 
20 be used at a final concentration of between 10 mM and 
2 M, advantageously between 20 mM and 0.5 M, and 
preferably between 50 mM and 0.1 M. Optimally, after 
the addition of the salt or of the saline solution, the 
mixture is kept gently stirred, optionally at low 
25 temperature, for a variable period (1 to 120 min), 
centrifuged and the plasmid DNA recovered in the 
supernatant. 

The method according to the invention com- 
prises, at this stage, a step of exclusion 
chromatography on gel filtration supports, which makes 
it possible to complete the purification of the plasmid 
DNA preparation (reduction of the residual RNAs and 
proteins) and also to bring about desalting. The choice 
of supports is broad and within the capability of 
persons skilled in the art. Supports approved for human 
or veterinary use by the competent American authorities 
(FDA for Food and Drug Administration) and/or the 
European Union agencies and having a high exclusion 
limit, in particular greater than or equal to 
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20 x 10 6 Da (as measured on polymers such as dextrans) 
will be more particularly selected. There may be 
mentioned, for example, the supports Sephacryl S500 HR 
(Pharmacia, reference 17-0613-01), S1000 SF (Pharmacia, 
5 reference 17-0476-01) and GF20O0 (Biosepra, reference 
260651) . The Sephacryl S500 support is preferred in the 
context of the invention. 

The column is initially equilibrated under 
saline conditions which limit the hydrophobic inter- 

10 actions between the support and the DNA. 
Advantageously, TEN buffer (10 mM Tris-HCl, pH 8, 1 mM 
EDTA and 100 mM NaCl) is used. The chromatography 
conditions may be adjusted as a function of various 
parameters and in particular the column volume, the 

15 support chosen, the plasmid DNA concentration in the 
preparation and the size of the plasmid DNA. The 
plasmid DNA is excluded from the phase and is eluted 
before the low-molecular weight contaminants. The 
fractions containing it may be analyzed by the 

20 customary techniques (absorbent at 254 nm, visual 
analysis after separation by agarose gel electro- 
phoresis and the like) . It is also possible to connect 
the column to a detector provided with a filter (at 
254 nm for example) for the on-line detection of 

25 positive fractions. It will be noted that one advantage 
of the method according to the invention consists in 
the removal, during this step, of the residual salt 
derived from the preceding step. 

According to an optional embodiment, the fractions 
30 obtained after the chromatographic step may be combined 
and concentrated according • to the -methodology indicated 
above (ultrafiltration and/or alcohol precipitation) . 

Finally, the method according to the invention 
comprises a step for conditioning the plasmid DNA 
35 preparation. The conditioning buffers which can be used 
in the context of the present invention are varied. 
There may be a physiological saline solution (0.9% 
NaCl), a Hepes-Ringer, Lactate-Ringer or TE (10 mM 
Tris-HCl, pH 7.5 to 8, 1 mM EDTA) solution or simply 
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HaO. optionally, the preparation may be subjected" to a 
sterilizing filtration. Use will ho ^ . 
of 0 22 U m fi„ v advantageously made 

of 0.22 um futers having a surface area which is 
suited to the volume to be treated. Ther e may * 
mentioned for example, the fixation units of the 

sZZ MinlSart <Sart0riUS ' ref — e SM1653 

a lab P20 (Sartorius , re ference 18053D, . Millex ^ 

(Mllllpore. rcfer<,n n . OToon^^.-. 



' 1 "" cflce 1BU5.SD), Millex G 
« lUpore, reference SLGS025BS) , Millex GV ,Milli pore 

io s^n, 81 ? 2588 '' MiiiexGp tmuipore ' 

80 212 /r tOP 25 (Whatma "' 20025H- 
80 22 ' r " " P1US (Whatman ' refere " Ce 2002 ^- 

Z now 0 2 <re£erenCe 52313 °^pO0V, or 
fcasy Flow 0.2 um mad^ ^ ~^n.. i 



Easv Fl rtM n o ^^v/tiOpuUV) or 

" d \;: c f T lose acetate <™ 

in J!" P ' aSmid C ° nCentrati - -y be determined 
in a conventional manner, for example by spectro- 
photometry at a wavelength of 260 nm. The rLt've 




3 * vj - ^ uu am. rne relative 
Proportion of the diff ere nt topoisomers raay be visu ally 

I 3 7 a9aiOSe eleCt "P h — ^ and staining' 

with ethidium bromide optionally followed by a 

densitometry an alysis. The integrity of the plasmid 
.ay be cnec)ced by digestiQn restrictiQn P 

having one or more cleavage sites. 

" meth h qU3lity ° f PlaSn,id DNA P re P ared ^ the 

s andarr COrdin9 " ^ *>y 
standard esssys such as those which are described in 

the examples which follow. Contamination with RNA may 

30 a d "stal" 6 ' ViSUally * ^ ^ 

and staining with ethidiun, bromide or by spectro- 
photometry after hydrochloric or-cinol reac ion Bial 
"agent, (Moule, 1953, Arch . Science physiol ^ 
Me b 1939 , seyler z ^ a ^ U 

35 Pre e b lv h C ° 9 * "* ^ ° f the 

than % ly (ra haS / reSidUal concentration of less 

than 5% (mass/mass,, advantageously l ess than 3% 

Preferably less than 2% and most pr8ftr , My ^ £ 
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The residual contamination with proteins may be 
measured by any technique for assaying proteins 
exhibiting little or no interference caused by the DNA. 
An appropriate technique is that of the BCA 
5 (bicinchoninic acid) technique based on the 
spectrophotometry detection at a wavelength of 562 nm 
of the colored complex formed between BCA and the Cu + 
ions derived from the reduction, in an alkaline medium, 
of cuprous ions Cu ++ by proteins (Smith et al., 1985, 
10 Anal. Biochem. 150, 76-85), A plasmid DNA purified 
according to the method of the invention preferably has 
a residual protein contamination of less than 3% 
(mass/mass), advantageously less than 2%, preferably 
less than 1% and most preferably less than 0.5%. 
15 The techniques for assaying endotoxins are 

known to persons skilled in the art. It is possible, 
for example, to carry out a colorimetric assay derived 
from the LAL (Limulus Amebocyte Lysate) method 
recommended by the European Union and United States 
20 pharmacopoeias, as used in commercial kits (Bio- 
Whittaker, QCL-1000, reference L50-647-U; Biogenic, 
COATEST, reference 82 2387). Preferably, the quantity 
of endotoxins in the plasmid DNA preparation is less 
than 50 EU, advantageously less than 20 EU, preferably 
25 less than 10 EU and most preferably less than 5 EU per 
mg of plasmid. 

The contaminating chromosomal DNA may be 
assayed by the competitive quantitative PCR technique 
based on the amplification of sequences specific to the 
30 producing microorganism, by Southern or alternatively 
by "Slot-blot" with the aid of - a specific probe. A 
plasmid DNA purified according to the method of the 
invention preferably has a residual chromosomal DNA 
contamination of less than 5% (mass/mass) f advan- 
35 tageously less than 3%, preferably less than 2% and 
most preferably less than 1%. 

A method according to the invention is 
particularly advantageous as regards the preparation of 
plasmid DNA having a size greater than 10 kb. 
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The subject of the present invention is also a 
Pharmaceutical composition comprising a plasmid DNA 
purged by the method according to the invention as 
therapeutxc or prophylactic agents. A pharmaceutical 
composxtxon according to the invention nay be used in 
varxous types of host cells. They are preferably a 
mammalian cell and in particular a human cell. Said 
cell may be a primary or tumor cell of hematopoietic 
orxgxn (totipotent stem cell, leukocyte, lymphocyte, 
10 monocyte, macrophage and the l ike >, of hepatic 
epithelial or fibroblast origin and most particularly a 
muscle cell (myoblast, myocyte, satellite cell 
cardxomyocyte and the l ike) , . tracneal or pulmon 
cell. Moreover, a composition according to the 
invention may comprise an element for targeting towards 
a Particular cell, for example . Ugan<J for a ^ 

receptor or alternatively an antibody. Such targeting 
elements are known. 

A composition according to the invention may be 
admxnistered by the systemic route or by aerosol, in 
particular by the intragastric, subcutaneous, intra- 
cardiac, intramuscular, intravenous, intraperitoneal, 
xntratumor, intrapulmonary, intranasal or intratracheal 
route. The administration may be made in a single dose 
or xn a dose repeated once or several times after a 
certain interval of time. The appropriate route of 
admxnxstration and dosage vary according to various 
parameters, for example the individual or the disease 

30 to t " alternativel * th. gene,s, of interest 

to be transferred. In particular, a pharmaceutical 
composxtxon according to the- invention may be 
formulated in the form of doses comprising between 0.05 
and 100 mg of plasmid DNA purified according to the 
method according to the invention, advantageously 0.1 
and 10 mg and preferably 0.5 and 5 mg. The Emulation 
«ay also xnclude other compounds such as a pharma- 
ceutical^ acceptable adjuvant or excipient. 

adva * ^ thlS C ° nteXt ' ^ may be Particularly 
advantageous to combine the plasmid DNA with a compound 
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• which enhances its diffusion, especially a polymer or a 
cationic lipid. By way of examples, there may be 
mentioned 5-carboxyspermylglycin dioctadecylamide 
(DOGS) , 3p[N- {N * , N f -dimethylaminoethane) carbamoyl] - 

5 cholesterol (DC-Choi), (2, 3-droleylocyl-N- [2- (spermine- 
carboxamido) ethyl] -N, N-dimethyl-l-propanaminium tri- 
f luoroacetate) (DOSPA) , spermine cholesterol and 
spermidine cholesterol (which are described in French 
application 96 01347) . 

10 Moreover, such a composition may, in addition, comprise 
an adjuvant capable of enhancing its transfecting 
power. It may be preferably a neutral lipid such as 
phosphatidylethanolamine, phosphatidylcholine, 
phosphatidylserine, phosphatidylglycerol and, in 

15 particular, dioleylphosphatidylethanolamine (DOPE) . It 
is also possible to combine with the plasmid DNA/lipid 
complex other substances for further enhancing the 
transfection efficiency or the stability of the 
complexes . 

20 A composition according to the invention is in 

particular intended for the preventive or curative 
treatment of diseases such as genetic diseases (hemo- 
philia, cystic fibrosis, diabetes or Duchenne's or 
Becker's myopathies, and the like), cancers, viral 
25 diseases (hepatitis, AIDS and the like), and recurrent 
diseases (infections caused by the herpesvirus, the 
human papillomavirus and the like) . 

Finally, the present invention relates to the 
therapeutic or prophylactic use of a pharmaceutical 
30 composition according to the invention for the 
preparation of a medicament intended for the treatment 
of the human or animal body and, preferably, by gene 
therapy. According to a first possibility, the medi- 
cament may be administered directly in vivo (for 
35 example by intravenous or intramuscular injection, into 
an accessible tumor, into the lungs using an aerosol, 
and the like). It is also possible to adopt the ex vivo 
approach which consists in collecting cells from the 
patient (stem cells from the bone marrow, peripheral 
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blood lymphocytes, mUS cle cells and the fi 
transacting then, in vitro according tQ t >; 
the art and then readministering them to the patient 

The invention also extends to a method ' of 
treatment using a plasmid DNA obtained by a method 
accords to the invention< accor<j ^ ^od 

erapeutxcaUy effective quanti ty of the p^/j 
is administered to a nflHonf . . 

treatment. P re<JUlring SUch * 

with re / he PreSent inVenti ° n is ^Uy described 

with reference to the following figures: 

filtr,/ 191 " 6 1 iUuStrates a chromatogram after gel 
fxltratxon on Sephacryl S5 00 ,70 ml column, 16 mm in 
Cxameter and 350 mm in length, and loading of a 2 ml 

alkaline lysis, ultrafiltration and treatment with 

7 n ;r- SUlfatS - elUti0 " " Ca "^ out at 

DTA Z Cm/h> ^ 9 10 ">« "i-W buffer, 1 „m 

20 rlT:, 1 NaC1 ' PH 8 -°- ° PtiCal de " Sitv i. 

20 recorded at 254 ran. 

Figure 2 is a schematic representation of the 
vector PTGU025 containing the gene conferring resis- 
Co'lEl kanamyCin tkana >' 'he replication origin of 

25 int / Cyt ° me9alovirus ™V promoter (pCM v, , the 

25 rntron of the gene encoding Hydroxy-Methylglutaryl- 
Coenzyme A Reductase (HMG) , the cDNA encoding dystro- 
phxn and a sequence for polyadenylation of the RNAs 
transcribed (pA) . S 

filtration", 3 K U1UStrateS ' Ch ° mat °^m after gel 
fxltratxon on Sephacryl S500 (5-l iter colujnn 8 . 5 cffl 
diameter and 82 rm i « i~ 

sanDle " Cm in len * th > «d loading of 125 ml 

sample contaxnxng 85 mg of P T G 11025. The elution is 

Trxs HC1 buffer, 1 m EDTA, 100 mM Had, pH 8 0 

Figure 4 illustrates the gradual removal of the 
endotoxins from an alkaline l ysate b v 3 . 
extractions with 1% 0 r 3% t V » successive 
ethanon • Triton™ X-114 followed by 

etnanol precipitation. 
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Figure 5 illustrates the selective 
precipitation of the contaminating RNAs of an alkaline 
lysate in the presence of increasing molarities of 
ammonium sulfate (0 to 3.2 M final) . 

Figure 6 illustrates the selective 
precipitation of the contaminating RNAs of an alkaline 
lysate in the presence of increasing molarities of 
calcium chloride (10 to 100 mM) . The final molarity of 
CaCl 2 is indicated under the relevant lines. S ~ 
deposition of a fraction of the sample of soluble 
material obtained after treatment with CaCl 2 ; I. 
deposition of a fraction of the sample of insoluble 
material obtained after treatment with CaCl 2 ; oc = 
plasmid DNA in circular form (open circle); sc = 
plasmid DNA in supercoiled form (super coiled); a = 
RNAs. 

The examples which follow illustrate only an 
embodiment of the present invention. 



20 EXAMPLES 

The solutions defined below were prepared from 
stock solutions or chemical products obtained 
commercially. 
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EXAMPLE 1 : Purification of the plasmid pCHHON from 

the transformed E. coli MC1061 strain 
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Preparation and amplification of the recombinant 
cells 



35 




Use is made of the E. coli MC1061 strain 
(Wertman et al., 1986, supra) and of the plasmid 
pCHHON. It is a plasmid of 8.5 kb whose retention in 
£. coli is brought about by a replication origin 
(ColEl) and a gene for resistance to ampicillin, both 
derived from pBR322. The gene of interest consists of 
the E . coJi p-galactosidase reporter gene whose 
expression can be easily detected by staining with 
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^ Gai <*-chloro-5-bromo-3-ind 0 lyl- P .D-glactopyranoside). 
It is provided in its 3- portion with a sequence 
encoding a eukaryotic nuclear localization signal The 
nuclear localization of the recombinant p-galactosidase 
makes it possible to eliminate the problems of 
background noise generated by cross-reaction with the 
endogenous p-galactosidase of the host cell which is 
also detectable by Xgal, and therefore to bring about a 
specific detection of the enzymatic activity resulting 
from the transfixed plasmid. The expression of the 
reporter gene is directed by the SV40 early promoter. 

The MC1061 cells are made competent by treating 
with calcium chloride and transformed with the plasmid 
PCH110N. The recombinant bacteria are selected on a 
selective medium, a clone is chosen by examining the 
restriction profiles from which a primary gl ycerol 
stock is constituted. 

After inoculation of a preculture in a flask 
it is used to inoculate a fermenter. The fermentation 
was carried out continuously (batch) in 18 liters of a 
2 times concentrated LB medium <2xLB) without addition 
of a carbon substrate, at 37'c and in the presence of 
ampicillin (100 ug/ml) . The culture is collected after 
2 hours in the stationary phase. Under these conditions 
and for a final optical density ODeoo of 7.5, 180 g of 
total biomass are obtained. 

2 Harvesting of the wet cell biomass 

The content of the fermenter is distributed 
into clean and sterile centrifuge bottles (Nalgene, 
reference 3122-1000, 3122-1010, 3120-1000 or 3120-1010) 
and the transformed cells recovered by low-speed 
centrifugation (5000 rpm (revolutions per minute) for 
30 nun, and at 4'C. It is possible to use a Sorvall RC3 
centrifuge equipped with an H6000-A rotor having a 
capacity of 6x1 liter and to carry out three successive 
centrifugations in the same bottles in order to harvest 
the entire culture. After removal of the medium, the 
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weight of the cellular pellets is estimated by weighing 
and they can be frozen at -20°C before being treated by 
the method detailed below. The cells thus harvested 
constitute the wet cell biomass . 

5 

3. Preparation of the acidified lysate 

The frozen pellet is fragmented and the 
quantity of biomass which it is desired to treat is 

10 collected with the aid of a spatula. In the text which 
follows, the volumes of the solutions used are given 
per 27 g of wet biomass. The cells are taken up in 
320 ml of resuspension buffer (10 mM EDTA, 50 mM Tris- 
HC1, pH 8) previously equilibrated to 4*C and 

15 resuspended with the aid of a shearing homogenizer 
(Ultra Turrax-25 provided with a probe 18 mm in 
diameter) before being lysed in the presence of 320 ml 
of lysis buffer (1% SDS, 0.2 M NaOH) equilibrated to 
20°C. The lysis is allowed to continue for 5 min at 

20 room temperature while gently stirring the preparation 
by inverting and then 320 ml of acid solution (3 M 
CH3COOK, pH 5.5) are added equilibrated to 4°C. The 
acidified cell lysate is left for 20 min at 0°C while 
gently stirring regularly by inverting. The final pH is 

25 5.1. 

4. Removal of the insoluble matter and concentration 
of the filtrate 

30 The flocculate is first of all partially 

removed by low-speed centrif uga-tion (5000 rpm for 
30 min at 4°C in a GSA rotor, Sorvall) . The supernatant 
is subjected to two successive filtrations on sintered 
glass of controlled porosity (16 to 40 ym and then 10 
35 to 16 urn; sintered glass Nos. 3 and 4; Schott AG) with 
the aid of a suction flask connected to a water-jet 
pump or an equivalent source of vacuum. 

The filtrate is subjected to a step of 
concentration by ultrafiltration on an Easy Flow 
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cartridge (Sartorius, equipped with a polysulfone 
membrane with a cut-off of 100 kDa (Sartorius, 0 1 m 2 
reference 14669-OS-l-V or 0.2 m 2 reference 14669-0S-2-V 
depending on the volume to be treated) . The cartridge 
5 is connected to a peristatic pump and the recirculation 
flow rate applied is about 400 ml/min. The ultra- 
filtration is carried out until the final volume is 
reduced by a factor of 8 to 16. The work is carried out 
at room temperature in order to reduce the duration of 
10 the operation. 

The nucleic acids contained in the filtrate are 
precipitated by addition of 0.7 volume of isopropanol 
kept at 20'C. The mixture is homogenized by successive 
inversions, incubated for 5 min at room temperature and 

15 the precipitate collected by centrifugation at 
10,000 rpm for 30 min at 4'C (GSA rotor, Sorvall, 
After removal of the supernatant, the pellet of nucleic 
acids is washed twice in succession with 50 ml of an 
80%^ethanol solution in water (equilibrated to about 

^ -20 C) and again recovered by centrifugation at 10,000 
rpm for 15 min at 4°C. 



Extraction of the endotoxins 



25 




The pellet is dried and dissolved in 18 ml of a 
solution of sodium acetate (0.3 M CH 3 COONa in 10 mM 
Trxs-HCl, 1 mM EDTA) and stored for about thirty 
minutes at O'C. 2 ml of a solution of Triton™ X-114 
(Sigma; reference X-114™, at 10% (weight/volume) in 
30 0.3 M CH,COONa at pH 5.5 (1% £inal Triton 
concentration) are added and the mixture is homogenized 
by stirring manually. After incubating for 10 min on 
ice and then for 25 min at 52'C, the bottom phase 
obtained after centrifugation (SLA 1500 rotor, Sorvall) 
35 at 10,000 rpm for 10 min at 35 - C is collected and 
eliminated. Two additional extractions are carried out 
under the same conditions in the presence of 2.2 ml and 
2.4 ml of Triton™ X-114 respectively. The top phase is 
precipitated by addition of 2.5 volumes of absolute 
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ethandl at -20°C. After incubating, for at least 45 min 
at -20°C, the precipitate is recovered by centrifuga- 
tion at 10,000 rpm (SLA 1500 rotor, Sorvall) for 30 min 
and at 4°C and subjected to 1 or 2 successive washes 
5 with an 80% ethanol solution in water stored at -20°C. 
The centrifugation pellet may be frozen before 
proceeding to the next step. 

Removal of the RNAs 

10 

The centrifugation pellet is dried under vacuum 
and taken up in 9.4 ml of 10 mM Tris-HCl, 1 mM EDTA, 
pH 8, at room temperature. Solid ammonium sulfate 
(NH 4 )2S0 4 is added so as to have a final concentration 

15 of about 2 M. After mixing by inverting and incubating 
for 20 min on ice, the mixture is centrifuged for 30 
min at 7000 rpm (SLA 1500 rotor, Sorvall) and at 4*C. A 
second centrifugation under identical conditions is 
carried out on the supernatant recovered from the first 

20 in order to complete the removal of the insoluble 
matter. 

Chromatography on Sephacryl S500 

25 The centrifugation supernatant is carefully 

collected and subjected to gel filtration chromatog- 
raphy on a Sephacryl S500 matrix (Pharmacia; reference 
17-0613-01) . Under the above-mentioned conditions, a 
column is used which has a capacity of 1 liter (length 
30 622 mm, diameter 44 mm) developed at 3.8 ml/min 
(15 cm/h), but of course persons skilled in the art are 
capable of adjusting the capacity of the column 
depending on the volume to be treated. 

The column is equilibrated in 2 volumes of TEN 
35 before applying a volume of nucleic acid sample 
representing 4 to 5% of the volume of the column. The 
collection and the detection of the fractions are 
automated (LKB 2212 fraction collector and LKB 2158 
Uvicord SD detector equipped with a filter at 2 54 nm) . 
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The fractions of 3 min are collected and frozen before 
being analyzed. Figure 1 illustrates a chroma tog ram 
obtained on a smaller scale but representative of the 
method. The plasmid DNA comes out in the exclusion 
volume whereas the RNA and proteins are retained and 
appear only later. The clear separation, with a return 
practically to the base line, obtained between the 
plasmid DNA peak eluted first and the RNA peak eluted 
second, may be noted. 

Conditioning 



The fractions containing the plasmid DNA are 
grouped together and concentrated about 8 x with the 
aid of an ultrafiltration unit of the Sartocon-Micro 
type with a polysulfone membrane having a cut-off of 
100 kDa (Sartorius, reference 15669-00-1). Alter- 
natively, and when a larger quantity of sample has to 
be treated, it is possible to use an EasyFlow 
ultrafiltration unit with a cellulose acetate membrane 
(20 kDa cut-off, Sartorius, reference 14549-OS-1V) . 

After concentration, the purified plasmid DNA 
sample is precipitated by addition of a solution of Na 
acetate (3 M, pH 5.5) to the final concentration of 
25 0.3 M and addition of 2.5 volumes of pure ethanol 
(99.95%) at -20°C. After incubating at -20°C {30 min), 
the plasmid DNA is recovered by centrifugation at 
10,000 rpm for 30 min at 4°C (SLA 1500 rotor, Sorvall) . 
The pellet is washed with 80% ethanol at about -20 °c, 
30 and then dried and taken up in the appropriate 
conditioning buffer (TE, • 0.9% -NaCl, Hepes Ringer, 
Lactate Ringer, H 2 0; about 20 ml per aliquot of 27 g of 
cells treated) . 

After measuring the optical density at 260 nm, 
the DNA concentration is calculated by taking as base 
an OD 260 corresponding to 50 ng/ml. It can then be 
adjusted to 1.0 mg/ml by diluting with the conditioning 
buffer, and 20 mg of plasmid DNA are typically obtained 
per aliquot of 27 g of initial biomass. 




10 
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EXAMPLE 2: Purification of the plasmid pTG11025 

from the transformed E. ' coli PHI OB 
strain 

The E. Coli DH10B Electro Max strain is 
provided by Gibco BRL (Reference 18290-015) . The 
plasmid pTG11025 (Figure 2) of 18.7 kb carries a marker 
gene which confers on the bacteria the capacity for 
resistance to kanamycin (gene encoding an amino- 
glycoside 3' -phosphotransferase which converts the 
antibiotic to an inactive derivative) and the ColEl 
replication origin, these two elements ensuring the 
retention of the plasmid in the producing strain. It 
15 comprises, in addition, a cassette for expression of 
the cDNA encoding dystrophin under the control of the 
CMV promoter associated with the HMG intron. 

The competent DH10B cells are transformed with 
the plasmid under the conditions recommended by the 
20 supplier and a primary glycerol stock is constituted 
which is stored at -80°C after selection of a 
recombinant clone. A primary seed batch is used to 
constitute a preculture in a flask on 2x LB medium in 
the presence of kanamycin 50 ug/ml. The culture is 
25 incubated at 30°C in a thermostatted stirrer (180 rpm) 
for 14 to 16 hours. 

After transferring the preculture into an 
inoculation flask, the transformed strain is propagated 
in a 20-liter fermenter. The growth takes place at 30°C 
30 in a complex culture medium (Hycase SF 37.5 g/1, yeast 
extract 9 g/1 supplemented with* growth factors and 
inorganic salts) using glycerol as carbon substrate 
(20 g/1) and in the presence of kanamycin (50 ug/ml) 
for the selection pressure. The pH = 7.0 is regulated 
35 by automatic addition of sodium hydroxide (NaOH, 30%) 
and of sulfuric acid (H 2 S0 4 , 2 M) . Dissolved oxygen is 
maintained at a saturation greater than or equal to 25% 
(aeration rate of 1 v.v.m (10.1 min" 1 ) and a variable 
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stirring rate. It may be advantageous to add kanamycin 
during culture. 

The culture is stopped by cooling at 4°C when 
the bacteria reach the stationary growth phase. The 
5 culture is drawn off and the biomass harvested by 
centrifugation (Sorvall RC3B centrifuge, 15 min, 4°C, 
5000 rpm) . The cell pellet is stored at -20°C until the 
method of purifying the plasmid pTG11025 is applied. 

It is similar to the method described in 
10 Example 1, except for the following modifications: 



15 



20 



25 



30 



35 




The purification is carried out using 360 g of 
wet biomass taken up in 384 0 ml of resuspension 
buffer and lysed with an equivalent volume of 
lysis buffer and then of acid solution. 
The insoluble matter is removed by filtration 
on sintered glass No. 4 (16-10 urn, Schott AG) 
before concentrating 15 times on Easy Flow. 
The filtrate is separated into 6 aliquots. The 
precipitation with isopropanol, the washes with 
80% ethanol, the extractions of the endotoxins 
with Triton™ X-114, the precipitation with 
ethanol and the subsequent washes with 80% 
ethanol are carried out on each of the aliquots 
as described in Example 1. 

The samples are grouped together for the 
precipitation with ammonium sulfate at a final 
molarity of 2 M. 

The centrifugation supernatant harvested after 
the ammonium sulfate precipitation step is 
loaded onto a Sephacryl - S500 gel filtration 
column having a volume of 5 liters {length 
82 cm, diameter 8.9 cm) developed at a flow 
rate of 15 ml/min (14.5 cm/h) . The chromatogram 
obtained (Figure 3) shows that the plasmid DNA 
is eluted in the exclusion volume, whereas the 
contaminating RNAs and other low-molecular- 
weight compounds are retained on the column. 
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- The fractions containing the purified plasmid 
DNA are grouped together and concentrated by 
ultrafiltration (factor 10.9). The plasmid DNA 
is then precipitated by addition of sodium 

5 acetate to a final concentration of 0.3 M and 

of 2.5 volumes of 99.95% ethanol at -20°C. 

- The precipitate is collected by centrifugation 
(10,000 rpm at 4°C, Sorvall SLA 1500 rotor, 30 
min) and washed with 200 ml of 80% ethanol. 

10 - After drying under vacuum, the DNA is taken up 

in the TE (10 mM Tris-HCl, 1 mM EDTA, pH 7.5) 
conditioning buffer, its concentration measured 
by UV spectrometry and adjusted to 1 mg/ml in 
the same buffer. 145 mg of purified plasmid DNA 

15 are typically obtained. . 

The integrity of the plasmid is evaluated by 
restriction enzyme mapping and the profiles obtained 
correspond to what is expected. Moreover, the presence 
20 of contaminants is also determined in the final 
preparation and the results presented below. 



Contaminant 


Method 


Result 


Proteins 


BCA 


0.49% (n=3) 


RNA 


Bial colorimetric reaction 


2.48% (n=3) 


Endotoxin 


LAL colorimetric method 


2.34 EU/mg (n=5) 



Moreover, the functionality of the purified 
25 plasmid pTG11025 is checked by transfection of cell 
lines and detection of recombinant dystrophin by 
immunofluorescence. 

Ten ng of purified plasmid DNA are combined 
with 40 ug of Lipofectin (a mixture of compounds 
facilitating the transfection of eukaryotic cells) 
following the instructions of the supplier (Life 
Technologies, Bethesda, USA, reference 18292-0011), and 
are then added, in 2 ml of DMEM medium (Life 
Technologies, Bethesda, USA, reference 11963), to 
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2.5 x 10 6 A 549 (human pulmonary adenocarcinoma) cells 
inoculated the day before in a dish 35 mm in diameter, 
cultured for 24 hours in the presence of DMEM 
supplemented with 10% (vol/vol) of fetal calf serum 
5 (Life Technologies, Bethesda, USA, reference 10101-061) 
and previously rinsed with a physiological buffer (lx 
PBS) . Four hours after addition of the DNA, the medium 
is supplemented with 10% (vol/vol) of fetal calf serum 
and then the culture is continued for 48 hours. The 

10 cells are then fixed by treating at -20°C in a 
methanol/acetone (1/1) (vol/vol) mixture, air-dried, 
and incubated in the presence first of an anti- 
dystrophin monoclonal mouse antibody (Novocastra, 
Newcastle/Tyme, UK, reference NCL-DYS2) and then of an 

15 anti-mouse rabbit antibody (ICN, Costa Mesa, USA, 
reference 651713) coupled to FITC (fluorescein thio- 
isocyanate); the detailed conditions for these 
operations are known to persons skilled in the art. The 
dystrophin produced during the expression of the gene 

20 encoded by the vector pTG11025 is detected by 
fluorescence microscopy examination of the immune 
complexes. The simultaneous examination of cells 
transfected in the presence of a control plasmid 
PTG11025 whose functionality has already been demon- 

25 strated, purified according to a standard protocol 
(Maniatis et al . , 1989, supra) (positive control) or in 
the absence of DNA (negative control) makes it possible 
to evaluate the functional character of the plasmid DNA 
preparation pTG11025. The amount of fluorescent cells 

30 expressing recombinant dystrophin is comparable after 
transfection with the control pTG11025 and with the 
plasmid purified by the method according to the 
invention. Of course, the nontransf ected cells show no 
fluorescence. 

35 
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EXAMPLE 3 : Removal of endotoxins using Triton™ 

X-114 

Tests of extractions with Triton™ X-114 were 
5 carried out on an alkaline lysate as obtained in 
Example 1 in order to determine the optimum 
concentrations of Triton™ X-114 to be used and the 
number of extractions to be carried out in order to 
reduce the level of endotoxins below the tolerated 

10 threshold (< 2 EU/dose) . 

To do this, the initial alkaline lysate is 
divided into 2 batches subjected to 3 consecutive 
extractions in the presence of Triton™ X-114 at a final 
concentration of 1 and 3% respectively. The mixture is 

15 homogenized, incubated on ice (0°C) for a few minutes, 
centrifuged for 5 minutes (12,000 rpm, Eppendorf 
centrifuge, reference 5414) at room temperature. After 
centrifugation, the bottom phase (Triton™ X-114 and 
extracted endotoxins) of each batch is eliminated and 

20 the top aqueous phase (Extr. 1; nucleic acids and 
remaining endotoxins) again treated as described with 
1% or 3% Triton™ X-114 after collection of one aliquot 
which serves for assaying the endotoxins (Extr. 2 and 
3) . After the third extraction, the top phase is 

25 precipitated by addition of 2.5 volumes of absolute 
ethanol. The precipitate is taken up in 10 mM Tris-HCl, 
1 mM EDTA, pH 8 (final) . 

The level of endotoxins is assayed by a 
colorimetric test derived from the LAL method, with the 

30 aid of the Biogenic COATEST kit (reference 822387) and 
the results presented in Figure 4-. A notable reduction 
in the level of endotoxins is observed after two 
extractions in the presence of 1% Triton. A similar 
result is obtained when 3% Triton™ X-114 is used. In 

35 the 2 cases,, the endotoxin level measured in the final 
product is compatible with a pharmaceutical use for an 
average dose of 1 mg of plasmid DNA. 
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EXAMPLE 4 : Selective precipitation of the 

contaminating RNAs 



10 



15 



20 



25 



Selective precipitation tests were carried out 
on an alkaline lysate as obtained in Example 1 in order 
to determine the optimum ammonium sulfate concen- 
trations for precipitating the contaminating RNAs. To 
do this, the alkaline lysate is divided into 7 aliquots 
which are subjected to precipitation in the presence of 
an increasing quantity of ammonium sulfate (0.5 M, 1 M, 
1.5 M, 2 M, 2.5 M, 3 M and 3.2 M final). 

The precipitated material recovered by 
centrifugation and the soluble material are analyzed by 
electrophoresis on a 0.4% agarose gel. After staining 
with ethidium bromide and visualizing by UV fluor- 
escence, the plasmid DNA appears in the form of sharp 
bands corresponding to the different topoisomers. In 
contrast, the RNAs form a very diffuse band which 
migrates in the bottom part of the gel. 

The results illustrated in Figure 5 show that 
above a final ammonium sulfate concentration of 1.5 M, 
the great majority of RNAs become selectively 
precipitated whereas, the plasmid DNA remains soluble. 
The removal, in the precipitate, of large-sized nucleic 
acid spaces retained in the pockets of the analytical 
gel, should also be noted. 



30 



35 




EXAMPLE 5 : Selective precipitation of the 

contaminating RNAs with calcium chloride 

The selective precipitation of the RNAs was 
also tested in the presence of calcium chloride 
(CaCl2) . An alkaline lysate prepared according to the 
method described in Example 1, including the step of 
treatment with Triton™ X-114, was aliquoted into 
identical samples to which various volumes of a 
concentrated CaCl 2 solution (1 M in this specific case, 
but a less concentrated solution, 0.5 M for example, 
can be used) are added in order to obtain a final 




- 35 - 

calcium chloride concentration of 10, 20, 30, 50, 75 or 
100 mM, respectively. The soluble and insoluble 
fractions are separated by centrifugation, and the 
insoluble pellet is resuspended in a low-ionic strength 
5 buffer in the absence of CaCl2 . The soluble and 
insoluble samples are analyzed by agarose gel 
electrophoresis and ethidium bromide staining of a 
fraction of sample in order to separate the plasmid DNA 
(open circular and supercoiled forms) and the 

10 contaminating RNAs. 

The results (Figure 6) show that above a CaCl 2 
concentration of 30 mM, a detectable precipitation of 
the RNAs is observed. This precipitation becomes 
substantial and then massive above 50 and 70 mM 

15 respectively and then practically complete at 100 mM. 
The plasmid DNA in its open circular (Open-Circle, 
migrating less rapidly) and supercoiled (Super-Coiled, 
migrating most rapidly) forms remains, for its part-, 
predominantly soluble in each of the cases. 

20 

EXAMPLE 6 : Removal of the colored pigments 




The efficiency of the removal of the colored 
pigments present after the alkaline lysis step (cf. 
25 Examples 1, 2 and 5) was evaluated during the steps of 
concentration by ultrafiltration, of precipitation with 
isopropanol and of washing with 80% ethanol . 

The presence of these pigments results in a 
yellow color of the crude alkaline lysate before its 
30 concentration by ultrafiltration which can be analyzed 
by measuring the optical densi-ty at 340 nm. This 
absorbance was therefore measured on the samples 
obtained after the steps of initial ultrafiltration, of 
precipitation and of washing with isopropanol and with 
35 80% ethanol. Two series of experiments were carried 
out, one involving filtration of the 'alkaline lysate on 
sintered glass, the other on polypropylene cartridge 
Sartopure PP. The initial lysates are obtained from 
150 g of a cell biomass obtained from two fermentations 
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of the pair E. coli strain -DH5 x plasmid pTG11025 
(-19 kbp) . 



Experiment No. 1: Macrof iltration carried out on 

No. 3 sintered glass (16 to 40 um 
of porosity - Schott AG 



Step 


Final 

volume 

(ml) 


Optical 
density at 
34 0 nm 


Cumulative 

pigment 

yield 


Cumulative 
removal 
factor (X) 


Initial crude lysate 


5340 ml 


0.29 


100% 


1 X 


Post macrofiltration 


5260 ml 


0.2B 


95.1% 


1.1 X 


Post concentration by 
ultrafiltration (Easy- 
Flow 300 kDa, Sartorius) 


795 ml 


0.38 


19.5% 


5.1 X 


Post alcohol 
precipitation 


432 ml 


0.39 


10.1% 


9.2X 



Experiment No. 2: Macrofiltration carried out on a 
cartridge Sartopure PP2 (porosity 
8 mm - Sartorius) 



Step 


Final 

volume 

(ml) 


Optical 
density at 
340 nm 


Cumulative 

pigment 

yield 


Cumulative 
removal 
factor (X) 


Initial crude lysate 


5200 ml 


0.32 


100% 


1 X 


Post macrofiltration 


5000 ml 


0.31 


93.1% 


1.1 X 


Post concentration by 
ultrafiltration (Easy- 
Flow 300 kDa, Sartorius) 


790 ml 


0.57 


27.0% 


3.7 X 


Post alcohol 
precipitation 


432 ml 


0.62 


16.1% 


6.2X 



These results show that the steps of 
15 ultrafiltration and precipitation with isopropanol 
contribute to the removal of the pigments by a factor 
of 4 to 5 x and 1.5 to 2 x, respectively. Combined, 
these two steps make it possible to achieve a removal 
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factor of 6 to 10 X, that is to say a total removal of 
80 to 90% of the colored pigments. 

EXAMPLE 7 : Purification of the plasmid pTG11025 

5 from the E. coli DH5 Library Efficiency 

strain 

The E. coli DH5 Library Efficiency strain (Life 
Technologies; ref. 18262-014) is transformed with the 
10 plasmid pTG11025 (see Example 2 and Figure 2) . The 
steps of transformation, preparation and harvesting of 
the biomass are identical to those described in Example 
2. 

The crude lysate is filtered on a filtration 

15 cartridge Sartopure PP2 (Sartorius, ref. 5591302P9-0) 
at a flow rate of 700 ml/min with the aid of a 
peristaltic pump. The filtrate is then concentrated on 
a Millipore Minipellicon II membrane . made of 
regenerated cellulose of the PL300 type having a 

20 surface area of 0.1 m 2 (ref. P2C300C01) (recirculation 
flow rate -400 ml/min, rate of drawing off between 60 
and 30 ml/min so as to maintain a mean transmembrane 
pressure of less than or equal to 0.5 x 10 5 Pa) . 

The nucleic acids thus concentrated (815 ml) 

25 are treated with isopropanol and with ethanol as 
described above in Example 2. The endotoxins are 
removed by three successive extractions with Triton™ 
X-114. The nucleic acids are precipitated. The residual 
salts and nonionic detergent are rinsed with the aid of 

30 aqueous ethanol. 

The nucleic acids are taken up in a 10 mM Tris 
buffer, 1 mM EDTA, pH 7 . 5 and the RNAs are specifically 
precipitated in the presence of 100 mM CaCl 2 final. 
These RNAs are removed by centrif ugation (10,000 rpm, 

35 Sorvall rotor, SLA 1500, temperature 20°C f 40 min) . The 
plasmid DNA present in the soluble phase is 
precipitated by addition of isopropanol and 
resolubilized in a 10 mM Tris buffer, 1 mM EDTA, 250 mM 
NaCl, pH 8. 





- 38 - 

An aliquot of the sample corresponding to 180 g 
of initial biomass is deposited on a Sephacryl S500 
column (volume of 6 1, length 92 cm, diameter 8.9 cm, 
flow rate of 5 ml/min or -5 cm/hour. The absorbance of 
5 the eluate is monitored at 254 nm. The fractions 
containing the plasmid DNA are affected immediately 
after elution of the column dead volume (-2100 ml) , 
whereas those containing the RNAs are harvested after 
about 2 dead volumes (-4100 ml) . 

10 The fractions containing the DNA are then 

grouped together (volume 14 80 ml) . The plasmid DNA is 
concentrated by ultrafiltration on an EasyFlow unit 
with a cellulose triacetate membrane with a cut-off of 
20 kDa (Sartorius, ref. 14549-OS-1V) . After 

15 precipitation with ethanol in the presence of sodium 
acetate, the plasmid DNA is washed with 80% ethanol and 
dried under vacuum and then taken up in a conditioning 
buffer 10 mM Tris, 1 mM EDTA, pH 7.5, and stored frozen 
at -20°C. 

20 In order to analyze the quality of this DNA, 

the following parameters were measured: 

Initial biomass: 360 g (wet weight) of pTG11025/DH5LE 
approximately 1.1 mg of DNA/OD6oo-ml) 
Final quantity: 120 mg (post final ultrafiltration) 
Conditioning: 1 mg/ml in 10 mM Tris, 1 mM EDTA, 



Contaminating 
proteins : 
Contaminating 
RNAs: 



pH 7.5 

< 0.20% (n=l) (*) 



< 1.0% (n=l) (*) 



Endotoxins : 



3.7 EU/mg of DNA 

Active in transfection in vitro 

Conform by restriction analysis 



Functionality: 
Structure : 



Yield: 



-30% 



(*) values < the quantification limits for the assays. 
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It will be understood that the term tt comprises" or its 
grammatical variants as used in tnis specification and 
claims is equivalent to the term "includes* and is not to 
be taken as excluding the presence of other elements or 
features . 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : 

1 Method for preparing large scale plasmid DNA from a 
wet cell biomass harvested after fermentation of a 
producing cell comprising said plasmid DNA, .characterized 

5 in that it comprises the following steps: 

(a) alkaline lysis of the resuspended biomass, 
after resuspension of the wet cell biomass 

(b) - acidification at a high ionic strength, 

(c) removal of the insoluble matter, 

10 (d) reduction of the endotoxins by a factor of at 

least 100 in the presence of a detergent, .. 

(e) reduction of the ribonucleic acids (RNA) , 

(f) gel filtration chromatography after step <d) , 
and 

15 (g) conditioning. 

2 Method according to claim 1, characterized in that 
the alkaline lysis step is carried out in the presence of 
sodium hydroxide and sodium dodecyl sulfate (SDS) . 

3 Method according to claim 1 or 2, characterised in 
20 that the acidification step is carried out in the 

presence of potassium acetate at a final pH of about 5.1. 

4 Method according to one of claims 1 to 3, 
characterized in that the step of removing the insoluble 
matter comprises at least one macrof iltration step. 

25 5 Method according to claim 4, characterized in that 
it comprises two to three successive macrof iltration 
steps on filters of decreasing porosities below 100 \un, 
40 pan and/or 16 pm. 

6 Method according to claim 4, characterized in that 
30 it comprises a single macrof iltration step carried out on 

a cartridge having a porosity equal to 8 pm or to 3 pm. 

7 Method according to one of claims 1 to 6, 
characterized in that the endotoxin reducing step 
comprises at least one extraction step in the presence 



mm • 
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of a detergent having a cloud point of between 15 °C and 
35 °C, advantageously 18 °C and 30°C and preferably 20 °C 
and 25°C. 

8. Method according to Claim 7, characterized in 
that the endotoxin reducing step comprises 1 to 3 
successive extractions carried out in the presence of 1 
to 3% final of said detergent. 

9. Method according to Claim 7 or 8, characterized 
in that the- detergent is chosen from polyoxyethylenes . 

10. Method according to Claim 9, characterized in 
that the detergent is Triton™ X-114. 

11. Method according to one of Claims 7 to 10, 
characterized in that the endotoxin reducing step is 
followed by an alcohol precipitation step. 

12. Method according to one of Claims 1 to 11 , 
characterized in that the RNA reducing step comprises a 
selective precipitation of the RNAs under high-ionic 
strength conditions. 

13. Method according to Claim 12, characterized in 
that the selective precipitation is carried out in the 
presence of ammonium sulfate at a final concentration 
of between 2 and 2.5 M. 

14. Method according to Claim 12, characterized in 
that the selective precipitation is carried out in the 
presence of calcium chloride at a final concentration 
of between 10 mM and 2 ' M, advantageously between 20 mM 
and 0.5 M, and preferably between 50 mM and 0.1 M. 

15. Method according, to- one of Claims 1 to 14, 
characterized in that the gel filtration chromatography 
step is carried out on a support having an exclusion 
limit greater than or equal- to 20x-10 6 Da. 

16. Method according to Claim 15, characterized in 
that the support is selected from the Sephacryl S500, 
Sephacryl S1000 and GF2000 supports. 

17. Method according to one of Claims 1 to 16, 
characterized in that the conditioning comprises a 
sterilizing filtration step. 

18. Method according to one of Claims 1 to 17, 
characterized in that it comprises, in addition, 




- 41 - 

between steps c) and d) , d) and e) and/or e) and f ) , a 
concentration step optionally followed by a step of 
alcohol precipitation and resuspension in aqueous 
phase . 

5 19. Method according to Claim 18, characterized in 

that the concentration step is carried out by 
ultrafiltration on a membrane having a cut-off of 
between 20 and 300 kDa. 

20. Method according to Claim 19, characterized in 
10 that the concentration step is carried out by ultra- 
filtration on a membrane having a cut-off of between 30 
and 100 kDa. 

21. Method according to one of Claims 1 to 20 , 
characterized in that the plasmid DNA included in said 

15 producing cell is a recombinant plasmid DNA comprising 
a gene selected from the genes encoding a cytokine, a 
cellular or nuclear receptor, a ligand, a coagulation 
factor, the CFTR protein, insulin, dystrophin, a growth 
hormone, an enzyme, an enzyme inhibitor, a polypeptide 

20 with antitumor effect, a polypeptide capable of 
inhibiting a bacteria, parasitic or viral infection and 
especially an HIV infection, an antibody, a toxin, an 
immunotoxin and a marker. 

22. Method according to one of Claims 1 to 21 for 
25 the preparation of a plasmid DNA greater than 10 kb in 

size. 

23. Method according to one of Claims 1 to 22, 
characterized in that the wet cell biomass is harvested 
by fermentation of an Escherichia coli strain 

30 comprising a recombinant plasmid DNA. 

24. Method according to Claim- 23, characterized in 
that the Escherichia coli strain is selected from the 
strains DH5, DH10B and MC1061. 

25. Method according to one of Claims 1 to 24, 
35 characterized in that it comprises the following steps: 

a) resuspension of the wet cell biomass, 
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b) alkaline lysis of the resuspended biomass obtained 
in step a) in the presence of sodium hydroxide and 
SDS, 

c) acidification of the alkaline lysate obtained in 
step b) in the presence of potassium acetate to a 
final pH of about 5.1, 

d) removal of the insoluble matter by macrof iltration 
of the acidified lysate obtained in step c) , 

e) concentration of the filtrate obtained in step d) 
by ultrafiltration on a membrane having a cut-off 
of between 20 and 300 kDa, preferably between 30 
and 100 kDa, and alcohol precipitation followed by 
resuspension of the precipitate in aqueous medium, 

f) reduction of the endotoxins in the resuspended 
precipitate in step e) by extraction * in the 
presence of Triton™ X-114 followed by alcohol 
precipitation and resuspension of the precipitate 
in aqueous medium, 

g) reduction of the RNAs in the resuspended preci- 
pitate obtained in step f) by selective 
precipitation in the presence of ammonium sulfate 
or calcium chloride, 

h) gel filtration chromatography of the supernatant 
obtained in step g) on a Sephacryl S500 support, 

i) concentration of the fractions containing said 
plasmid DNA which are obtained in step h) by 
ultrafiltration on a membrane having a cut-off of 
between 20 and 300 kDa, preferably between 30 and 
100 kDa, and alcohol precipitation, and 

j) conditioning by resuspension of the precipitate 
obtained in step i) in a pharmaceutical^ accept- 
able buffer followed by sterilizing filtration and 
division into doses. 

26. Pharmaceutical composition comprising a plasmid 
DNA purified by the method according to one of Claims 1 
to 25. 

27. Pharmaceutical composition according to Claim 
26, comprising, in addition, a lipid compound. 
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28 Pharmaceutical composition according to claim 27, 
characterized in that the lipid compound is chosen 
from 5-carboxyspermylglycin dioctadecylamide (DOGS) , 
30 [N- (N' ,N' -dimethylaminoe thane) carbamoyl] 
cholesterol (DC-Choi) , (2 , 3-droleylocyl-N- [2- 
(sperminecarboxamido) - ethyl] -N, N-dimethyl-1- 
propanaminium trif luoro-acetate) (DOSPA) , spermine 
cholesterol and spermidine cholesterol. 

29 Pharmaceutical composition according to one of 
claims 26 to 28 , comprising, in addition, an 
adjuvant capable of enhancing the transfecting power 
of said pharmaceutical composition. 

30 Pharmaceutical composition according to claim 29, 
characterized in that said adjuvant is a neutral 
lipid and especially dioleylphosphatidylethanol amine 
(DOPE) . 

31 Use of a pharmaceutical composition according to one 
of claims 26 to 30, for the preparation of a 
medicament intended for the treatment of the human 
or animal body by gene therapy. 

32 A method of treatment for the human or animal body 
by gene therapy comprising administration of an 
effective amount of a pharmaceutical composition 
according to one of claims 26 to 30. 

33. Method according to one of claims 1 to 6, 
characterized in that the endotoxin reducing step 
comprises at least one extraction step in the 
presence of a detergent having a cloud point of 
between 20°C and 25°C. 
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34 Method according to claim 12, characterized in that 
the selective precipitation is carried out in the 
presence of calcium chloride at a final 
concentration of between 50mM and 0.1M. 

5 35 A method according to any one of claims 1 to 24 in 
which step (d) is conducted before step (e) . 

36 A method for preparing a plasmid DNA from a wet cell 
biomass harvested after fermentation of a producing 
cell substantially as herein described with 

10 reference to the examples. 

37 A pharmaceutical composition comprising a plasmid 
DNA prepared according to claim 33. 
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Line Sample 



1 Total alkaline lysate: overload 10 x 

2 Total alkaline lysate 

3 Precipitation with 0.5 M final ammonium sulfate 

4 Precipitation with 1.0 M 

5 Precipitation with 1.5 M 

6 Precipitation with 2.0 M 

? Precipitation with 2.5 M 
o 

° Precipitation with 3.0 M 
g 

Precipitation with 3.2 M " 



1 2 3 4 5 6 7 8 9 



Gel No. 1: | 

Precipitated material 
(RNAs) j 



Gel No. 2: 

Soluble material 
(plasmid DNA) 
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